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Tue sudden death on October 15 of Ernest Henry Wilson, Keeper of 
the Arnold Arboretum, in an automobile accident, was a great shock to 
his associates and friends, taking him in the prime of his life from the 
work he loved so well and in which he was interested with all his heart. 

Ernest Henry Wilson was born at Chipping Campden in Gloucester- 
shire, England, on February 15, 1876, the eldest son of Henry and Annie 
(Curtis) Wilson. After leaving school he entered the nurseries of Messrs. 
Hewill at Solihull, Warwickshire, and in 1892 was recommended to the 
Curator of the Birmingham Botanical Gardens as a promising young 
gardener. He accepted a position in these gardens and notwithstanding 
the long hours of work he studied at the same time in the Technical 
School in Birmingham which offered excellent facilities for the study of 
botany, and did so well that he won the Queen’s prize in this subject 
at the examination held by the Board of Education. .In January 1897 
he entered the Royal Botanic Garden at Kew where he soon succeeded 
in winning recognition for his work in the garden as in the lecture room. 
On the advice of his friends and induced by his love of botany he left 
Kew and entered in October 1898 the Royal College of Science at South 
Kensington with the intention of becoming a teacher of botany. 

About this time the nursery firm of Veitch & Sons asked the director 
of Kew Gardens to recommend a suitable man to send to China to collect 
seeds and living plants. The choice fell on Wilson and he left England 
in April 1899 for China by the way of Boston and San Francisco. This 
was his first visit to Boston and to the Arnold Arboretum. One of the 
chief objects of his journey was the introduction of Davidia involucrata 
and he had instructions to see Dr. A. Henry who was at that time in 
Szemao, Yunnan, and obtain information where to find this tree which 
Dr. Henry had seen in Hupeh nearly 20 years before. Arrived at Hong- 
kong he had to sail to Haiphong in Tonkin as the best way to reach 
Szemao. After much delay and with great difficulties owing to political 
disturbances' Wilson finally succeeded in reaching Szemao. After Dr. 


is A vivid description of this episode is found in Wilson’s Aristocrats of the Garden, pp. 
5-294. 
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Henry had given him the desired information and all possible advice 
and assistance, he returned to Hongkong and went from there early in 
1900 to Shanghai and up the Yangtze River to Ichang. There he found 
some of Dr. Henry’s men who guided him to the place where Dr. Henry 
had seen the Davidia tree, but to Wilson’s dismay all he found was the 
stump of the tree which had been cut down a few years previously. 
Wilson then decided to collect all the interesting plants of the region he 
could and in traveling around for this purpose he found in another 
locality trees of Davidia in full bloom, from which he collected in autumn 
a rich harvest of seed. With Ichang as his headquarters he collected in 
Hupeh, during 1900 and 1901, seeds and living plants of a great number 
of new ornamental plants and also a large amount of herbarium material. 

In April 1902 he returned to England and on June 8 married Ellen 
Ganderston of Edgbaston, Warwickshire. Mrs. Wilson, quiet and un- 
assuming, found her highest pleasure in making the happy atmosphere of 
the home in which he loved to write of his adventures in far away lands. 
They had one daughter, Muriel Primrose, who, was married last year to 
Mr. George Slate, a member of the staff of the New York Agricultural 
Experiment Station at Geneva, N. Y. 

He had been so successful in his work that Messrs. Veitch & Sons 
decided to send him again to China, and in January 1903 he started on 
a second expedition. He arrived in Shanghai on March 22, and started 
at once for northern Szechuan. He made Kiatingfu his headquarters 
and first went to Tachienlu and later north to Sungpan where he found 
among other things Meconopsis punicea. The year 1904 also he spent 
in the exploration of western Szechuan and returned in March 1905 to 
England, where he attended for some time to his introductions in the 
Veitchian nurseries at Coombe Wood and later went as temporary as- 
sistant to the Herbarium at Kew to assist in the sorting and identification 
of his herbarium collections. He had sent in during the expeditions about 
2000 numbers of seeds and plants and about 5000 numbers of herbarium 
specimens of which many proved new to science. In January 1906 he 
accepted a position as botanical assistant at the Imperial Institute in 
London. 

The success of Wilson as a collector of seeds and living plants and of 
herbarium specimens attracted the attention of Professor C. S. Sargent 
and he secured Wilson’s services for another exploring expedition to 
China this time in behalf of the Arnold Arboretum. In December 1906 
Wilson came to the Arnold Arboretum and left on the last of the month 
for China via San Francisco. He arrived in Shanghai on Feb. 4th and 
proceeded at once to Ichang. He made an excursion in April to the south- 
west, where at an altitude of 7000 ft. the trees were still bare and snow 
was lying in the crevices. On this trip he discovered Pinus Bungeana 
wild in Central China. During the rest of the year he explored western 
Hupeh in different directions with Ichang as the base where he also spent 
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the winter. In May of 1908 he traveled west and using Kiating as the 
base, explored western Szechuan in different directions finding the Min 
valley, Mt. Wa and Mt. Omei particularly interesting and profitable. 
At the end of the year he left Szechuan and went east again and leaving 
China towards the end of April 1909 arrived in England on May 15. He 
stayed in London until September when he returned to the Arnold 
Arboretum. 

As the Conifers in western China did not bear cones in the autumn of 
1908 and as it seemed important to secure cones and seeds of these trees, 
Wilson went to China for the fourth time in April 1910. He traveled by 
the Trans-Siberian railway via Moscow and Peking and arrived at Ichang 
by the end of May. As the men who had traveled with him on his former 
expeditions had been already notified, he was able to start without delay 
for western Szechuan and reached Chengtu on July 27. At the beginning 
of August he set out for Sungpan and after having collected there and 
having made arrangements for digging the bulbs of the Regal Lily in 
October, he started on his return trip to Chengtu. When following a nar- 
row trail along a steep slope Wilson’s party was surprised by a rock 
slide and Wilson was hit by a rock which broke his right leg in two places 
below the knee. He was still three days from Chengtu and with his leg 
temporarily bandaged with splints improvised from the legs of his camera 
tripod he had to be carried to Chengtu where he was cared for by doctors 
of the Friends’ Presbyterian Mission, but infection had set in and at the 
end of six weeks as there were no signs of the bones uniting the question 
of the amputation of the leg was raised. The doctors, however, finally 
succeeded in staying the infection and after three months Wilson was 
able to walk on crutches.! Soon after he started on his return voyage to 
America where he arrived in March 1911. After spending a few weeks in 
a Boston hospital, where he had his right leg, which was nearly an inch 
shorter reset and fitted with a special boot, he was able to walk freely 
again. In 1910 the Conifers in western Szechuan had fruited freely and 
were collected as were the Lily bulbs by Wilson’s trained collectors, so 
that notwithstanding the unfortunate accident the object of the expedi- 
tion was realized. 

During the two Arboretum expeditions Wilson collected about 65,000 
specimens representing 4700 numbers and secured 1593 lots of seed and 
168 lots of plants and cuttings, also about 850 excellent photographs of 
plants, general views of vegetation, and of other objects of interest. 

From March 1911 to the end of 1918 he remained at the Arnold 
Arboretum sorting and classifying his collections and preparing jointly 
with the writer an account of his collections in China edited in three 
volumes*by C. S. Sargent under the title ‘Plantae Wilsonianae.” 

In 1914 he went to Japan and spent February and March in southern 
Japan paying special attention to Cherries; in one garden, where 80 


1See Wilson, Plant hunting u. 150-153. 
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garden forms were grown, he collected herbarium material of 63 named 
forms. From April to June he collected in Central Japan and in July and 
August in Hondo and Saghalin. In autumn he returned to central Japan 
and the last two months of the year he spent on the island of Shikoku. 
After having collected about 2000 numbers with many duplicates, taken 
about 600 photographs and sent home a large collection of Japanese 
cherries and seeds he returned to the Arnold Arboretum in January 1915. 

From January 1915 to the end of 1916 he assisted again, after having 
worked and arranged his Japanese collections, in the preparation of the 
“Plantae Wilsonianae,” the last part of which was issued in January 1917. 

In January 1917 he started on his sixth voyage to the Far East and 
explored first in February and March the Liukiu and in April the Bonin 
Islands. In May he left for Korea and made several excursions with Dr. 
Nakai, the government botanist of Korea, and during 1917 visited almost 
all the provinces and also the southern island of Quelpaert and the small 
Dagelet Island whose flora is closely related to that of Japan. After 
having spent the last months of the year in the southern provinces he 
returned in January 1918 to Japan to proceed at once to Formosa where 
he arrived on January 22; he visited Mt. Arisan where Taiwania crypto- 
merioides the tallest tree of Eastern Asia grows and also ascended Mt. 
Morrison the highest peak of Formosa (13072 ft.). In April he left the 
island and returned to Japan where he visited the city of Kurume on 
Kyushu Island to see a collection of 250 named kinds of Kurume Azaleas; 
this collection was started by Motozo Sakamoto about 100 years ago and 
is now in the hands of K. Akashi; the parent stock came from Mt. Kirishi- 
ma.! In June he made a second trip to Korea where he stayed until 
September 28, when he returned to Japan to visit Formosa once more. 
About the middle of December he left Formosa and after a short sojourn 
in Japan returned to the United States arriving in Boston on March 17, 
1919. From this last expedition he brought back about 30,000 specimens 
representing 3268 numbers and 700 photographs, also many seeds and 
living plants. Some of the most interesting plants he introduced during 
this expedition are Taiwania cryptomerioides, Pinus luchuensis, Juniperus 
taxifolia and Cunninghamia Konishit. 

In April 1919 Wilson was appointed Assistant Director of the Arnold 
Arboretum and in July 1920 started on a tour to Australia, New Zealand, 
India and Central and South Africa. He first went to England whence 
he embarked in September for Australia where he visited the Botanic 
Gardens at Perth, Adelaide, Melbourne, Sydney and Brisbane and made 
collecting tours into the native forests. February and March of 1921 he 
spent in New Zealand and Tasmania, then returned to Australia which 
country he left in June for Singapore. From Singapore he went to Pe- 
nang, Rangoon and Calcutta and during August made a tour through 
the northern and north-western forests, visiting the botanic gardens at 


1See Wilson, Plant hunting, m. 282-244. 
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Lucknow, Saharampur, Lahore, Simla and the Forestry College at Dehra 
Dun. In September he made a tour to Sikkim and Assam and in October 
went to Bombay and from there to Ceylon and later to the Nilghiri Hills 
visiting Ootacamund and Coimbatore. On Nov. 4 he sailed from Bom- 
bay for Mombasa in East Africa whence he proceeded at once to Nairobe 
in British East Africa; from there he visited Kenya and the forest where 
Juniperus procera grows. In the beginning of 1922 he went to Portu- 
guese East Africa and thence to Victoria Falls in Rhodesia. On February 
2 he reached Pretoria and from there traveled to Durban and Capetown. 
From Capetown he sailed on April 7 for London in June he paid a visit 
to Edinburgh and in July made a trip to France. On August 15 he 
sailed from Liverpool for the United States to take up again his duties as 
Assistant Director of the Arnold Arboretum. During this last tour he 
took 522 photographs and collected a large number of herbarium speci- 
mens in all the countries he visited. He fully realized the chief object of 
this tour which was to bring about closer relations between the Arbore- 
tum and other botanical institutions all over the world and to establish 
friendly relations with individuals interested in botany, horticulture and 
forestry. In April 1927 after the death of the Director, Professor C. S. 
Sargent, he was appointed Keeper of the Arnold Arboretum. 

On October 15, 1930, Dr. and Mrs. Wilson were returning from a visit 
to their daughter. When near Worcester, Mass., the automobile which 
Dr. Wilson was driving skidded on a road made slippery by fallen leaves 
and swerving across the side walk crashed through a wooden fence and 
dropped over a steep embankment to a field 40 ft. below the level of the 
road. Mrs. Wilson was dead when extricated and Dr. Wilson died on 
the way to the hospital without regaining consciousness. 

Wilson’s chief contribution to horticulture and botany lies in his 
exploration of China where he spent most of his ‘time between 1899 and 
1911. His long sojourn in this country and his familiarity with it earned 
for him the epithet ‘Chinese’ Wilson. He made four journeys to China 
and in all six to the Far East, the last two to the different countries of 
the Japanese Empire. He was a born plant collector; endowed with a 
strong physique, robust health, indomitable will power and a deep love 
of plants he succeeded in collecting and introducing into cultivation a 
greater number of plants than any other collector. He knew how to 
handle his men and never had any serious trouble in all his expeditions in 
the Far East. He introduced more than a thousand species previously 
unknown to cultivation and collected about 16,000 numbers of herbarium 
specimens, with numerous duplicates, so that now his specimens are found 
in all important herbaria throughout the world and his plants have 
spread to all the gardens of temperate and subtropical regions. It is not 
feasible to enumerate here all his introductions and only a few of the 
more important can be mentioned, as: Abelia Schumannii Rehd., Abies 
Fargesti Franch., Acer Davidii Franch., Actinidia chinensis Planch., 


% 
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Aesculus Wilsonii Rehd., Ampelopsis megalophylla Diels & Gilg, Berberis 
Sargentiana Schneid., B. triacanthophora Fedde, Buddleia Davidii var. 
magnifica Rehd. & Wils., Buxus microphylla var. koreana Rehd. & Wils., 
Catalpa Fargesit Bur., Celastrus angulata Maxim., Cercis racemosa Oliv., 
Citrus ichangensis Swingle, Cladrastis Wilsoniit Takeda, Clematis montana 
var. rubens Ktze., Corylopsis Veitchiana Bean, Cotoneaster apiculata Rehd. 
& Wils., Cunninghamia Konishiit Hay., Deutzia longifolia var. Veitchii 
Rehd., Dipteronia sinensis Oliv., Evonymus Aquifolium Loes. & Rehd., 
Forsythia ovata Nakai, Fagus lucida Rehd. & Wils., Fortunearia sinensis 
Rehd. & Wils., Gaultheria Veiichiana Craib, Hamamelis mollis Oliv., 
Hydrangea Sargentiana Rehd., Ilex Pernyi Franch., Jasminum primuli- 
num Hemsl., Kolkwitzia amabilis Graebn., Liquidambar formosana Hance, 
Liriodendron chinense Sarg., Lonicera tragophylla Hemsl., Magnolia Del- 
avayt Franch., Malus theifera Rehd., Neillia sinensis Oliv., Photinia 
Davidsoniae Rehd. & Wils., Picea asperata Mast., Pieris taiwanensis Hay., 
Populus lasiocarpa Oliv., Prunus Dielsiana Koehne and many varieties 
of P. serrulata Lindl. and P. Lannesiana Carr., Pyrus Calleryana Dene., 
Rubus lasiostylus Focke, Rosa Moyesiti Hemsl. & Wils., Salix magnifica 
Hemsl., Sargentodoza cuneata Rehd. & Wils., Schizophragma integri- 
folium Oliv., Sinofranchetia chinensis Hemsl., Sinowilsonia Henryi Hemsl., 
Sorbaria arborea Schneid., Sorbus Sargentiana Koehne, Spiraea Veitchii 
Hemsl., Staphylea holocarpa Hemsl., Stewartia koreana Nakai, Styrax 
Wilsonti Rehd., Sycopsis sinensis Oliv., Syringa reflexa Schneid., Tai- 
wania cryptomerioides Hay., Thea cuspidata Kochs, Tilia Oliveri Szysz., 
Tsuga yunnanensis Mast., Vaccinium praestans Lamb., Viburnum rhy- 
tidophyllum Hemsl., Vitis Davidii Foéx, Aconitum Wilsoni Stapf, 
Astilbe Davidii Henry, Corydalis thalictrifolia Franch., Lilium regale 
Wils., Meconopsis integrifolia Franch., Primula Veitchii Duthie, Rodgersia 
aesculifolia Batal., Senecio tanguticus Maxim., Thalictrum dipterocarpum 
Franch., Rehmannia angulata Hemsl., and others. 

During his travels in different parts of the world Wilson paid much 
attention to forest conditions and published valuable contributions and 
suggestions relating to the forest problems of several countries, as Korea 
(A summary report forestry and afforestation of Chosen. 1919), East 
Africa (Indigenous forest trees of Kenya. 1922), South Africa and Aus- 
tralia (Northern trees in southern lands. 1923). He also rendered a 
great service to silviculture through the introduction of important forest 
trees into cultivation. 

In his position as Keeper of the Arnold Arboretum he carried on the 
work of Professor Sargent and succeeded well in maintaining its steady 
progress and development. Besides this work he took an active interest 
in the Massachusetts Horticultural Society of which he was trustee and 
member of several important committees, and was advisory editor of 
the Society’s publication “Horticulture.”. He also was much sought for 
as a lecturer by horticultural societies in different parts of the country 
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and particularly he liked to lecture on the Arnold Arboretum, the sub- 
ject closest to his heart. Notwithstanding all these activities he found 
time for literary work. He was a frequent contributor to horticultural 
and botanical periodicals and published a number of important horti- 
cultural and botanical books; he wrote of his experiences in China 
in “A Naturalist in Western China,” “Plant Hunting” and “China, 
Mother of Gardens”; he dealt with ornamental plants, chiefly trees and 
shrubs, in “Aristocrats of the Garden,” ‘‘More Aristocrats of the Gar- 
den,” “Aristocrats of the Trees,” and “America’s Greatest Garden” 
which is a description of the Arnold Arboretum. More strictly botanical 
are “Cherries of Japan,” “The Conifers and Taxads of Japan,” “A 
monograph of Azaleas (with A. Rehder)” and “The Lilies of Eastern 
Asia.” Wilson’s books are well written. In his botanical publications 
he covers his ground completely with painstaking accuracy, knowing the 
plants he is dealing with not only from the study of ample herbarium 
material but also as they grow in their native habitat; in his more popular 
books he writes in a vivid and entertaining style imparting his masterly 
knowledge of the plants in a way that keeps the interest of the reader alive 
from cover to cover. Not the least valuable part of his books are the 
reproductions of the excellent photographs he took in all parts of the 
world. 

Many honors were bestowed upon Wilson. On November 6, 1906 he 
received the Veitchian medal in recognition of his services in horticulture 
and in 1918 the Victoria medal of honor in horticulture. He also received 
the Geoffroy St. Hilaire Gold Medal, the George Robert White Medal, 
the Medal of the Horticultural Society of New York and the Centennial 
Gold Medal of the Massachusetts Horticultural Society. In 1916 the 
honorary degree of A.M. was conferred on him by Harvard University 
and in 1930 the honorary degree of Sc.D. by Trinity College of Hartford, 
Conn. He was elected fellow of the American Academy of Arts and 
Sciences, was an honorary member of the Rhododendron Society, the 
American Horticultural Society and also was a member of other scientific 
and horticultural societies. In recognition of his services to Chinese bot- 
any a new genus of Hamamelidaceae from China, Sinowilsonia, was named 
in his honor. Besides this, about 60 species and varieties of Chinese plants 
bear his name of which some may be cited here: Aconitum Wilsonii 
Stapf, Aesculus Wilsoniit Rehd., Aralia Wilsonii Harms, Cladrastis Wil- 
sonii Takeda, Corydalis Wilsonit N. E. Br., Daphne Wilsonii Rehd., 
Deuizia Wilsonit Rehd., Evonymus Wilsonii Sprague, Ilex Wilsonii 
Loes., Iris Wilsonit C. H. Wright, Magnolia Wilsonit Rehd., Populus 
Wilsonii Schneid., Rubus Wilsonii Duthie, Salix Wilsonii Schneid., 
Sophora Wilsonit Craib, Sorbus Wilsoniana Koehne, Spiraea Wilsonii 
Rehd., Styrar Wilsonit Rehd., Ulmus Wilsoniana Schneid., Viburnum 
Wilsonii Rehd. 

* Although Wilson was taken from us in the full vigor of his life, he had 
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already accomplished so much that his memory cannot die with us who 
knew him both personally and as a friend. His name will live through 
generations to come in the new plants he discovered many of them com- 
emorating his name and in the plants he brought from foreign lands to 
enrich and embellish our gardens. 


LIST OF PUBLICATIONS OF ERNEST HENRY WILSON 
Western China, a field for the sportsman. (In Field 1905, evi, 109.) 
Rubus innominatus. [London. 1905.] 
“From the Gard. chron.,” 1905, 3d ser., xxxviii, 290-291. 
Leaves from. my Chinese note-book. (In Gardeners’ chronicle, ser. 3, 1905-06, 
XXXVii- : 
Vegetables. Illustr. (In Freeman, W. G., and Chandler, S.E. The world’s com- 
mercial products, 1907, pp. 254-263.) 
Fruits. Ilustr. (Ibid, 1907, pp. 263-278.) 
[Arnold arboretum expedition to China, 1907-1909; a series of 720 photographs.] 
Gardeners’ chronicle (contributions in). 1907-24, ser. 3, xli-Ixxv. 30 articles. 


Chinese Rhodendrons. [In collaboration with W. B. Hemsley.] (Kew bulletin of 
miscellaneous information, 1910, pp. 101-120.) 

Plant novelties from China. (in Horticulture, 1910, xi, 5, 37, 69, 105, 145, 181, 221, 
257, 293, 329, 367, 433, 473.) 

Field notes relating to plants collected on the Arnold arboretum second expedition 
to Western China, 1910. London, efc. [1911]. 

anol sync second expedition to China, 1910-1911; a series of 384 photo- 
graphs. 

The kingdom of flowers. Illustr. (in National geographic magazine, 1911, xxii, 
1003-1035.) 

Sargent, C. 8., editor. Plantae Wilsonianae (contributions in). 1911-17. 12 
articles by E. H. Wilson; 47 articles in collaboration with Alfred Rehder. 


Vegetation of western China. Introduction by C. 8. Sargent. London. 1912. 
(Arnold arboretum. Publications, 2:) 
An index to accompany a selection of 500 photographs from his “‘Arnold arboretum 
expedition to China, 1907-1909.” 


A naturalist in western China; being some account of eleven years’ travel. With 
introduction by C.S. Sargent. 2 vol. London, Methuen & Co. [1913.] Plates. 


The same. 2 vol. New York, Doubleday, Page& Co. 1913. Plates. 


The “wood-oil” trees of China and Japan. [London. 1913.] 
Bulletin of the Imperial institute, 1913, xi, 441-461. 

[The Arnold arboretum expedition to Japan, 1914; a series of 619 photographs.] 

The family tree of the modern rose. Doneintographicform by F.A. Wilson. [Bos- 
ton.] 1915. Chart 247% x 1814 in. 

The Cherries of Japan. Cambridge, University Press. 1916. (Arnold arboretum. 
Publications, 7.) 

The Conifers and Taxads of Japan. Cambridge, University Press. 1916. (Arnold 
arboretum. Publications, 8.) — 


A century of certified plants introduced from China. . (In Journal of the Royal hor- 
ticultural society, 1916, xlii, 35.) 
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The history and botanical relationships of the modern rose. [In collaboration with 
F. A. Wilson.] n. P. cop. 1916. Chart 3254 x 25} in. 


The American Rose annual (contributions in). 
[i.] 1916. Some new Roses introduced by the Arnold arboretum during the 
past decade, pp. 37-41. 
[viii.] 1928. Roses in Australia, pp. 118-120. 
[ix.] 1924. What Roses does America need? pp. 23-25. 


jaterosrate of the garden. Garden City; New York, Doubleday, Page& Co. 1917. 
tes. 


The same. [2d ed.] Boston, The Stratford Company. 1926. Plates. 
This edition has an entirely new set of plates. 


The vegetation of Korea. [Seoul. 1918.] 
Reprinted from the Transactions of the Korea branch of the Royal Asiatic society, 1918, ix, 
1-16. 


A summary report on the forests, forest trees, and afforestation in Chosen (Korea). 
[Edinburgh. 1919.] 
Reprinted from Transactions of the Royal Scottish arboricultural society, 1919, xxxiii, 44-51. 


Work of Arnold arboretum. Broadside. Illustr. 
Reprinted from Christian science monitor, June 2—4, 1919. 


The romance of our trees. Garden City; New York, Doubleday, Page & Company. 
1920. Plates. 


Enlarged from articles in Garden magazine, 1919-20. 
Kurume Azaleas. (In Bulletin of the Massachusetts horticultural society, 1920, no. 
3.) 


Journal of the Arnold arboretum (contributions in). 

i. 1920 [719-20]. A phytogeographical sketch of the ligneous flora of Korea, 
pp. 32-43; The Bonin Islands and their ligneous vegetation, pp. 97-115; New 
woody plants from the Bonin Islands [in collaboration with Alfred Rehder], 
pp. 115-121; The Liukiu Islands and their ligneous vegetation, pp. 171-186; 

our new Conifers from Korea, pp. 186-190; Camphor, Cinnamomum camphora 
Nees & Ebermaier, pp. 239-242. 

ii. 1922 [’20-22]. A phytogeographical sketch of the ligneous flora of Formosa, 
pp. 25-41; The ‘‘Indian Azaleas” at Magnolia gardens, pp. 159-160; Notes from 
Australasia, i i, ii, pp. 160-163, 232-236. 

ili, 1922. Notes from Australasia, iii, pp. 51-55. 

iv. 1923. The Rhododendrons of northeastern Asia exclusive of those be- 
longing to the subgenus Anthodendron, pp. 33-56; Northern trees in southern 
lands, pp. 61-90; The Hortensias, Hydrangea macrophylla DC. and Hydrangea 
serrata DC., pp. 233-246. 

v. 1924. The Rhododendrons of Hupeh, pp. 84-107; A new species of Reeve- 
sia, pp. 233-235. 

vi. 1925. The Rhododendrons of eastern China, the Bonin and Liukiu Islands 
and of Formosa, pp. 156-186; Rhododendron chrysocalyx Lév. & Vaniot, pp. 
200-201. 


vii. 1926. The Taxads and Conifers of Yunnan, pp. es oe orientalis 
Linnaeus, pp. 71-74; Gymnospermae [of New Caledonia], pp. 7 

viii. 1927. Juniperus procera Hochst., pp. 1-2; An enumeration a the ligneous 
plants of Anhwei, by Alfred Rehder and Ernest H. Wilson, pp. 150-199; 238-240. 

ix. 1928. Enumeration of the ligneous plants collected by J. F. Rock on the 

* Arnold Arboretum expedition to northwestern China and northeastern Tibet, 

by Alfred Rehder and Ernest H. Wilson, pp. 4-27; 37-125; Podocarpus falcata 
R. Br., pp. 143-144. 

x. 1929. Widdringtonia juniperoides, pp. 1-2. 

xi. 1930. Thuya orientalis and Juniperus chinensis, pp. 135-136. 
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A monograph of Azaleas [in collaboration with A. Rehder]. Cambridge, University 
Press. 1921 (Arnold arboretum. Publications, 9) 


The Azaleas of the Old World; by E. H. Wilson——The Azaleas of North America; by 
Alfred Rehder. 


Indigenous forest trees of Kenya. 2 pt. (in The Farmers journal of East Africa 
1922, iv, no. 8, pp. 17-20; no. 10, pp. 17-20.) 


Rhododendron society notes (contributions in). 

ii. 1922-24: The Rhododendrons of northeastern Asia, pp. 98-106; The Rho- 
dodendrons of Hupeh, Central China, pp. 160-174; The Rhododendrons of the 
Bonin and Liukiu Islands and of Formosa, pp. 228-240. 

iii. 1925 [’26]. The Rhododendrons of eastern China, pp. 18-28. 


Acacias. (In Bulletin of the Massachusetts horticultural society, 1923, no. 11.) 


Autumn landscapes. 
Christian science monitor, Oct. 8, 1923. 


Garden magazine (contributions in). Tllustr. 

XXXVI-XxxVill. 1923-24. Travel tales of a plant collector, xxxvi, 264-268, 
309-311; xxxvii, 35-38, 127-130, 185-189, 247-252, 326-330, 384-387; xxxviii, 
35-39, 101- 105; Indian Azaleas at Magnolia, p. 159; Travel tales of a plant 
collector, pp. 170-173, 285-287, 355-359. 

xxxix,, 1924. Where Orchids are at home, pp. 215-219. 

30 shorter articles contributed to vol. xix—xxxii, 1914-1921. 


Northern trees in southern lands. [Lancaster, Pa., 1923.] 
“Reprinted from Journal of the Arnold arboretum,” 1923, iv, 61-90. 


The same. New issue. 1929. 


Country life (contributions in). Illustr. 
liii. 1928. Oriental Cherries, pp. 511-514. 
liv. 1923. Oriental Crabapples, pp. 9-12; Hawthorns, pp. 681-683. 
. lv. . 1924. American Crabapples, pp. 26-28; The Magnolias, 2 pts., pp. 214— 
16, 252-253. 
Ivi. 1924. The modern Rose, 2 pt., pp. 648-650, 679-681; Wild Roses, pp. 


50. 
Ivii. 1925. Hardy Azaleas, 2 pts., pp. 339-340, 444-445; Viburnums, pt. 1, 
pp. 1038-1040. 
lviii. 1925. Viburnums, pt. 2, pp. 25-27. 


Horticulture (contributions in), 1923-1930, n. s. 1-vmi. 99 articles. Ilustr. 


Harvard’s tree museum. 
Museum work, 1924, vi, 147-152. 


Garden (contributions in), 1924-1926, Ixxxviii-xc. 26 articles. 


House and garden (contributions in), 1924-1930. Tllustr. 

xlv. 1924. The royalty of spring, no. 3, pp. 61, 62, 63, 116, 118; Early flower- 
ing trees and shrubs, no. 4, pp. 62, 63, 114, 118, 122: Hardy climbers for the 
garden, no. 5, pp. 70, 71, 120, 122, 124; Wild Roses for the garden, no. 6, pp. 66, 
67, 130, 132, 134. 

xlvi. 1924. The brilliant gaiety of Azaleas, no. 1, pp. 56, 57, 100, 102, 104; 
The best hardy Conifers, no. 2, pp. 50, 51, 102, 104, 106, 108; ‘Hawthorns for 
ornamental planting, no. 3, pp. 70, 71, 124, 126, 130, 132; Green carpets for 
various aries no. 4, pp. 66, 67, 106, 108, 110; Mid-season flowering trees and 
shrubs, no. 5, pp. 64, 65, 138, 140, 142; Fruiting trees and shrubs, no. 6, pp. 60, 
61, 114, 120, 122. 

xlvii.. 1925. The pes of the Barberries, no. 1, pp. 76, 77, 110, 114, 116; 
Winter beauty in the w plants, no. 2, pp. 80, 81, 106 108; 110, 114; The 
Cherries of Japan, no. 3, pp. 92, 93, 114, 116, 122; e Dogwoods and. 
great variety, no. 4, pp. 78, 79, 100, 102, 104; Honeysuckle in bush and vine, 
no. 5, pp. 90, 91, 114, 116; The glory of the Lilies, no. 6 » pp. 66, 67, 116, 118, 124. 
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xlviii. 1925. The excellent family of Viburnums, no. 1, pp. 66, 67, 108, 110, 
114, 116; The architecture of trees, no. 2, pp. 72, 73, 74, 75, 108, 110, 112: The 
family of Evonymus, no. 3, pp. 90, 91, 148, 154; ‘Good bulbs from South Africa, 
no. 4, pp. 72, 73, 136, 138, 140; From Australia come Acacias, no. 5, pp. 92, 93, 
120, 122; Curious fruits from many plants, no. 6, pp. 66, 67, 120, 122, 124. 

xlix. 1926. Pecans and other Nut trees, no. L pp. 74, 75, 118, 122; : Some Yews 
and low-growing Conifers, no. 2, pp. 82, 83, 150, 154; "The best street trees for 
town betterment, no. 3, pp. 112, 182, 186, 188; Twelve best shrubs for ten regions, 
no. 3, pp. 101, 166; The coming of Kurume Azaleas, no. 4, pp. 112-113, 142, 146, 
ap Spring beauty in the garden, no. 5, pp. 116, 117, 150, 154, 156, 170. 

orter articles contributed to vol. L-Lv111, July 1926-1930. 


bake s greatest garden. Boston, The Stratford Company. 1925. Plates. 
The same. [2d issue.] Boston, The Stratford Company. 1925. Plates. 


ie a Autographed de luxe ed. Boston, The Stratford Company. 1925. 
tes. 


The same. 3ded. Boston, The Stratford Company. 1926. Plates. 
The Lilies of eastern Asia. London, Dulau& Co. 1925. Plates. 


ay the acer of Formosa. (In The Country gentleman, 1925, xc, no. 7, 

pp. 7, 34 

New plants from China. (In American forests and forest life, 1925, xxxi, 85-86, 
91.) Ilustr. 


Price of the Regal Lily. (In The Country gentleman, 1925, xc, no. 36, pp. 11, 145.) 

Wildrosen (in Gartenschénheit, 1925, vi, 106-109.) 

eae in the Arnold arboretum. (In Rhododendron society notes, 1926, iii, 73- 
6. 


Plant hunting. 2 vol. The Stratford Company, Boston, 1927. Plates. 
Charles Sprague Sargent. (In Harvard graduates’ magazine, 1927, xxxv, 605-615.) 


Identification of the rhododendrons collected by J. F. Rock on the Arnold Arbore- 
tum expedition to northwestern China, 1924-27. (In Rhododendron society 
notes, 1927, iii, 160.) 


Arnold Arboretum Bulletin of Popular information, 1927-1930; 3d ser., vol. 1-3, 
More Aristocrats of the garden. The Stratford Company, Boston, 1928, Plates. 


Plant crabapples for beauty in flower and fruit. (In Garden club of America 
Bulletin, 1928, no. 23, pp. 14-17.) 


Garden cinderellas by Helen Morgenthau Fox. Foreword, pp. vii-ix, 1928. 
Korean plants in gardens. (In New flora and silva, 1928, i, 9-21.) Illustr. 


History and distribution of the Lilac. (Chapter in Susan D. McKelvey’s “The 
Lilac,” pp. 1-6. 1928.) 


China, mother of gardens. The Stratford Company, Boston, 1929. Plates. 
Broad-leaved evergreens. (In Ladies’ home journal, 1929, xlvi, 13.) Ilustr. 
Good shrubs for every garden. (In Ladies’ home journal, 1929, xlvi, 203.) TIllustr. 


Rheibe to beautify the garden, spring, summer and autumn. (In Yearbook of the 
Garden Ciub federation of Massachusetts, 1929, i, 28-32.) Illustr. 


Thomas Roland, 1863-1929. (In Yearbook of the Massachusetts horticultural 
society, 1930, p. 71.) 


Aristocrats of the trees. The Stratford Company, Boston, 1930, Plates. 
The island of Formosa and its flora. (In New flora and silva, 1930, ii, 92-103.) 
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Report on a journey around Gaspé Peninsula in search of the ragweed or hay fever 
plant. (Not yet published.) 


The ragweed or hay fever plant. (Not yet published.) 


A NEW ARUNDINARIA FROM CHINA 
Armér Camus 

Arundinaria Fangiana, nov. subsp. 

Culmi 0.30 m. alti, fistulosi, ramulis ad nodos fasciculatis. Folia 
chartacea, lanceolata, basi rotundata, in petiolum brevem attenuata, 
apice longe acuminata, 3-5 cm. longa, 0.4—0.7 cm. lata, glabra, margine 
seabra, nervis secundariis utrinque 3, venulis transversis conspicuis; 
vaginae elongatae, striatae, glabrae, superne truncatae, fimbriatae; 
ligulae truncatae. Panicula foliata, paucispiculata; pedicelli 1-1.7 cm. 
longi, glabri, tenues; spiculae 2-2.5 cm. longae, 6-florae, subglabra; 
glumae steriles contiguae, prima 0.5-2 mm. longa, ovata, acuminata; 
secunda 3-7 mm. longa, subulata, margine scabra; rachillae internodium 
1 mm. longum, sericeum; gluma fertilis inferior ovato-lanceolata, apice 
cuspidata, 1.2-1.4 cm. longa, superne pilosula, 7-nervia nervis conspicuis, 
scabris. Palea 7-8 mm. longa, apice bicuspidata, subenervia, carinis 
ciliatis; rachillae internodia 4-6 mm. longa, sericea, superne dilatata; 
stamina 3; stylus longus; stigmata 2, elongata, plumosa. Caryopsis 
oblonga, superne attenuata, 6 mm. longa, sulcata, glabra. 

Szecouan: Mt. Omei, alt. 3000-3300 m., W. P. Fang, no. 3002, 
August 15, 1920. 

The leaves here described are those of pores branches; those of 
sterile branches are probably much larger. 

In the lower flower the fertile glume is 1.2—-1.4 cm. long, in the second 
flower 0.8—1 cm.; the length decreases gradually toward the upper part of 
the spikelet. 

In its general characters A. Renueie approaches closely A. racemosa 
Munro to which, I believe, it should be attached as a subspecies. Arun- 
dinaria racemosa grows in the Northeast Himalayas, Nepal and Sikkim, at 
about the same altitude and differs from the Szechuan plant in the two 
glumes being very distant from each other and much smaller (2-3.5 cm. 
long), often less long cuspidate, in the internode of the rhachilla being 
much longer between the upper sterile glume and the first flower, often 
exceeding 2 mm., and finally in the often less long-cuspidate fertile 
glumes exceeding the palea not so much. 

In A. racemosa the shape and size of the sterile glumes are very variable, 
but in all specimens which I have seen in the Paris Herbarium and in 
those of the Kew Herbarium the empty glumes are more distant and the 
upper glume is farther removed from the lower flower than in A. Fangiana. 
This character of the lengthening of the lower internodes of the rachilla 
seems constant. 
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I wish to thank Dr. Hill, Director of the Royal Botanic Gardens at 
Kew, for his kindness in having had compared the Chinese plant collected 
by Fang with the numerous specimens of A. racemosa in the Kew Her- 
barium. 


MUSEUM D’HISTOIRE NATURELLE, 
Paris. 


CHROMOSOME STRUCTURE AND THE MECHANISM OF 
CROSSING OVER 


Karu Sax 
Plates 26 and 26 


Tue correlation between the chromosome mechanism and the genetic 
behavior of hybrids is now so completely established that the chromosome 
theory of heredity is no longer questioned. There are, however, several 
important genetic facts which have no adequate cytological explanation. 
The cytological problems of greatest importance in connection with the 
chromosome theory of heredity are the maintenance of the linear order 
of the genes and the mechanism of crossing over. 

The present study of meiotic chromosomes was undertaken primarily 
to determine the significance of spiral chromonemata. It was found that 
the coiling of the chromonemata is not a mechanism essential for the pres- 
ervation of the linear order of the genes, as has been suggested by several 
investigators, but is due to a difference in the rate of contraction of the 
chromosome and the chromonema at certain stages of meiosis. 

The organization of the chromatids in the chromosomes of Secale and Lil- 
ium was so different from that commonly found in Orthopteran chromosomes 
that a comparative study was made of the chromatids in certain plants 
and animals. Thechromosome behavior is fundamentally the same in the 
plant and animal species, but in the plant chromosomes there is a much closer 
association of the paired chromatids, which at metaphase appear as a 
single coiled chromonema. 

This work has lead to a cytological interpretation of crossing over 
— seems to be in accord with all genetic requirements. 


MATERIALS AND METHODS 


The figures on which the present study is based were from smear 
preparations of Secale cereale and Lilium regale. Pollen mother cells 
were smeared on a dry slide, fixed in Navaschin’s solution, and stained 
with crystal violet iodine. Smears of the spermatocytes of the grass- 
hopper, Melanoplus femur rubrum, were also studied. 

In Secale it was difficult to get satisfactory figures of diplotene and 
early diakinesis stages. If the pollen mother cells were smeared thin 
enough for critical study, the cell walls were usually ruptured and the 
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chromatin was irregularly distributed among neighboring cells. Even 
in late diakinesis and metaphase the chromosomes may pass from one 
p. m. c. to another or be lost entirely, where the cells are subjected to too 
much pressure. 

Throughout this paper the term chiasma will be used to mean the point 
where an exchange of partners occurs between the paired chromatids, and 
does not mean that a break has occurred as the original use of the term 
by Janssens would imply (Diagram 2). _ 

Sister chromatids are those derived from a longitudinal splitting of 
one of the parental chromosomes. The association of homologous chro- 
matids means that one chromatid from one parental chromosome is 
associated with a chromatid from the other homologous chromosome. 


CHROMOSOME STRUCTURE IN SECALE 


In the smear preparations it was not easy to get intact cells smeared 
sufficiently thin at the earlier stages of meiosis. The occasional critical 
figures obtained show that at pachytene there is an apparently split 
thread with pairs of chromomeres much like those pictured in Liliwm by 
Belling (1928). Since the chromosomes appear to be double throughout 
most of their length at this stage, it is probable that they are longitudin- 
ally four-parted as Belling has described in Lilium. 

At early diplotene the chromatids open out at various points forming 
the nodes and internodes so commonly seen in Orthopteran chromosomes. 
In Secale it was not possible to see the individual chromatids, but it is 
probable that the nodes and internodes represent exchange of partners 
among the chromatids. Possibly some of the apparent association 
between chromosomes may be due to twisting, but if so the twisting is 
slight as there is little evidence of it at later stages. There may be as 
many as four or five possible points of contact in a single chromosome at 
early diplotene as shown in figure 1. 

The chromosomes shorten and thicken until at early diakinesis they 
appear as shown in figure 2, which represents three chromosomes from 
a single cell showing the typical structure at this stage. The loops have 
opened more fully and there are three or four points of contact which 
probably represent points where the chromatids exchange partners, 
although the relations of the chromatids at the chiasmas cannot be | 
observed. There is no evidence of twisting of the chromosomes around 
each other in smear preparations, but in sectioned material such figures 
often show an apparent strepsinema condition. No internal structure of 
the chromosomes could be seen at this stage. 

At late diakinesis the chromosomes have shortened and thickened 
further and the association between members of a bivalent is approxi- 
mately the same as it is at metaphase. A typical chromosome at dia- 
kinesis is shown in figure 8. At this stage the chromosomes are usually 
attached only at the erds, although occasionally an additional median 
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attachment is evident. Occasionally there is an apparent separation of 
chromatids for a short distance at one end of the chromosome. 

The seven haploid chromosomes of Secale vary somewhat in the 
location of spindle fiber attachment which results in various types of 
metaphase associations. The points of fiber attachment range from 
subterminal to median and are apparently constant for each chromosome. 
At early metaphase most, or often all, of the chromosomes are ring shaped, 
but at slightly later stages there may be as many as four pairs of chromo- 
somes which are in contact at only one end. The seven pairs of chromo- 
somes at metaphase are shown in figure 7, and are so arranged that the 
details of each one can be shown, which would not be possible if drawn 
in their natural positions. In all chromosomes there is a coiled chro- 
monema, but no evidence of its dual nature except at the ends of certain 
chromosomes. Often one end appears to be in contact with no indication 
of a chiasma or exchange of partners among chromatids, while the other 
end shows the association between the homologous chromatids. In 
most cases where the spiral chromonemata could be followed, they appear 
to coil in opposite directions in the two homologues at metaphase, which 
means that when the homologues are side by side the coiling is in the 
same direction. Each homologue also has approximately the same num- 
ber of coils. In some cases the chromonema seems to reverse its direction 
of coiling near one end. 

The chromosome with the subterminal attachment is easiest to follow 
in respect to chromonema coiling. This chromosome at early metaphase 
is shown in figure 4. The coiling here is more uniform than is usual. 
At this stage the chromonema is finer and more coiled than at the later 
stages. In this figure, there are about six coils in each homologue. 
The points of attachment show no evidence of a previous chiasma or 
exchange of partners among chromatids. 

More typical examples are shown in figures 5 and 6. In these chromo- 
somes the coiling is not so uniform and apparent breaks occur in the 
chromonemata at about the points of the spindle fiber attachment. 

In the early metaphase it is often difficult to differentiate the chro- 
monema from the less chromatic portion of the chromosome. In these 
figures only the chromonemata are pictured, except in figure 16 where they 
are shown surrounded by the lighter staining constituent of the chromo- 
somes. The less chromatic material extends to, but not beyond, the coiled 
chromonema which suggests that the coiled chromonema is limited by 
a definite sheath or pellicle. At the lower end of the chromosome repre- 
sented in figure 6, the chromonema appears extended and free from any 
matrix as if the pellicle had broken at the end and released part of the 
coiled chromonema. Outside of the chromosome, whether it shows coiled 
chromonema or is homogeneous, there is a hyaline area which gives the 
impression that there is a limiting membrane at some distance from the 
chromatic material, but this appearance may be an optical illusion. 
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Only occasionally is there evidence of an unterminalized chiasma at 
metaphase. Figures 8 and 9 show exchanges of partners among the 
chromatids but there is no evidence that there is any fundamental 
difference between these chromosomes and those shown in figure 10, or 
in the last chromosome of figure 7. In figure 10 the exchange of partners 
simply forms a cross as the chromatids are pulled apart and there is no 
apparent crossing of chromatids. 

At the later stages when some of the chromosomes are about to divide, 
the chromonemata become less coiled and appear more or less corrugated 
rather than spiral. In figures 10 and 12 the number of turns is reduced 
to two or three compared with five or six at the early stages. Meanwhile 
the length of the chromosomes is about the same, although the chromo- 
nemata appear to be somewhat thicker. 

The separation of the chromatids in each chromonema appears to 
occur very rapidly and appears only after the chromonema is straightened 
out. The chromosome represented in figure 18 shows a separation of 
chromatids through about half the length of each homologue. Occasion- 
ally one homologue is split while the other is still slightly coiled and 
apparently undivided (Figure 14). The point of the spindle fiber 
attachment is especially clear in this figure. When the chromatids are 
entirely split in both homologues the chromosome appears much like 
those frequently found in most Orthoptera. A typical tetrad is shown in 
figure 15. The homologous chromatids*are parallel and show no evidence 
of coiling at this stage. 

When the chromosomes divide and pass to the poles, most of them are 
in the form of double V’s held together only at the point of the spindle 
fiber attachment. These anaphase chromosomes seldom showed any 
internal structure in my preparations although occasionally some indica- 
tion of a spiral chromonema could be observed (Figure 16). In this figure 
only one chromatid of each daughter chromosome is shown. 

As the homologues reach the poles the split chromosomes elongate and 
the two members of each daughter chromosome separate widely except 
at the point of fiber attachment (Figure 17). When the nuclear wall is 
formed the chromosomes appear as long, more or less twisted, chromo- 
nemata held together by a still thinner constriction. The fiber constriction 
involves an appreciable portion of the two chromonemata. There is no 
true resting stage between the first and second meiotic division. Often 
the nuclei appear to contain an indefinite spireme stage, but it is always 
possible to identify some of the chromosomes and doubtless all of them 
retain their earlier association throughout this stage. 

At the second division the chromosomes are shortened and the pairs 
of chromosomes lie parallel and more or less at right angles to the axis 
of the spindle fibers. No spiral chromonemata were observed during the 
second divisions, but it is quite possible that they exist. Although in the 
interphase the chromosomes are held together only at the point of spindle 
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fiber attachment, they show evidence of an attraction throughout their 
length at second metaphase and various degrees of association as the 
chromosomes are pulled apart (Figure 19). It is evident that at the sec- 
ond reduction division the chromosomes are not held together by the 
fiber attachment alone. 


CHROMOSOME STRUCTURE IN LILIUM 


The behavior of the chromosomes in the meiotic divisions of Lilium 
has been described by many investigators and only the more critical 
stages will be considered here. 

As the four-parted chromosome reaches the diplotene stage and the 
chromatids open out, the chromonemata can be seen to be associated at 
a number of points. Most of these points probably represent points of 
exchange of partners among chromatids, although the individual chroma- 
tids could not be identified in my preparations at this stage (Figure 20). 
As the chromosomes shorten and are oriented on the first metaphase 
plate they show a reduction in the number of points of attachment. At 
this time there is an average of about two points of attachment for each 
chromosome. The orientation of the nodes and internodes is much like 
that found in the multiple ring chromosomes of certain Orthoptera. 
The looped internodes are usually more or less at right angles to each 
other. Such a chromosome with three nodes is shown in figure 21. The 
chromonemata are not clearly differentiated from the less chromatic 
substance in the chromosome at this stage, but do show evidence of a 
coiled structure. This coiled chromonema appears to be single at the 
earlier stages, but its double nature is indicated by the separation of the 
chromatids during the division of the chromosomes. 

The chromosome represented by figure 22 has only two nodes and a 
comparatively long section of the chromonema between the fiber attach- 
ment end and the first node. If a chiasma has been partially terminalized 
prior to this stage, there should be some evidence of the dual nature 
of the chromonema at some point, which is not the case. 

The nodes in Lilium are apparently points of exchange of partners 
among the four chromatids. The relation of the chromatids is shown in 
figure 23 where the chromatids are pulled out showing the chiasma. 
One of the paired chromosomes shows the separation of the chromatids. 
The other may be split, but in most cases the two daughter chromosomes 
lie in different planes more or less at right angles to each other so that 
the double nature of both chromosomes is not evident until the chroma- 
tids are widely separated. 

The chromatids often vary in their rate of separation. One pair of 
chromatids may be completely pulled apart while the other is still coiled 
at the distal end (Figure 24). In these cases, one chromatid may be 
almost straight between the point of fiber attachment and the point 
where the chromatids are coiled together at their ends. The other 
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chromatids, which are separated at the distal ends and are not under 
tension, begin to form spirals or corrugations. This behavior is especially 
clear in figure 25, where two chromatids have separated and contracted 
into a more or less coiled structure while the other two chromatids are 
still associated and are relatively straight. Often all four chromatids 
are straightened out forming a distorted diamond-shaped tetrad. When 
the division is completed the chromatids of the daughter chromosomes 
contract and show more or less coiling as shown in figure 26. They are 
associated only at the point of spindle fiber attachment. Only chromo- 
somes with a terminal fiber attachment are shown, although two of the 
twelve Lilium chromosomes have a sub-terminal attachment. 


CHROMOSOME STRUCTURE IN MELANOPLUS 


The spermatocyte chromosomes of Melanoplus are so similar to those 
described in other Orthoptera that a detailed description of them is un- 
necessary. The individual chromatids can be followed at all stages from 
diplotene to the end of the meiotic division. The chromatids are seldom 
so closely paired that they appear as a single chromonema. The chroma- 
tids shorten as the chromosome shortens between diplotene and meta- 
phase so that during this period there is no coiling of the chromonema. 


DISCUSSION 
COILED CHROMONEMATA 


The spiral structure of the chromonema was first described in 1880 by 
Baranetzky in Tradescantia. Since that time the spiral chromonemata of 
meiotic chromosomes have received little aitention until recent years, 
although they were described in Ascaris and Lilium by Bonnevie (1908), 
and Vejdovsky (1912). 

Coiled chromonemata in meiotic chromosomes have been described in 
Tradescantia by Sands (1923), Kaufmann (1926), Kuwada and Sugimoto 
(1926), Kuwada and Sakamura (1927), Sakamura (1927), and Clausen 
(1929). They have also been described in Podophyllum by Kaufmann 
(1926), in Secale, Vicia, Fritillaria, and Lilium by Sakamura (1927), in 
Lathyrus by Maeda (1928), in Hosta by Inariyana (1928), in Lilium by 
Belling (1928), in Crepis by Babcock and Clausen (1929), and in Matthiola, 
Polemonium, Allium and Lathyrus by Clausen (1929). The writer has 
also observed spiral chromonemata in Pinus, Sambucus, and Triticum. 

According to Kuwada (1927), the coiled chromonemata in Tradescantia 
chromosomes at meiosis are double with the two chromatids so arranged 
that the two spirals can be easily separated without uncoiling. In most 
genera there is little evidence of the double nature of the chromonemata 
until late metaphase or early anaphase. 

Spiral chromonemata have been described in a considerable number of 
representative genera and as the smear technique and proper differential 
staining comes into more general use, it is probable that most plant 
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genera will be found to have spiral chromonemata, at least in certain stages 
of meiosis. The fact that these structures are found in living cells and 
are so consistent in their form in a given genus, indicates that they are 
not artifacts produced by fixation. No doubt they are coagulated by 
fixation and may be greatly altered by certain reagents, but their definite 
organization and behavior must mean that the spiral chromonemata 
actually exist in the living chromosomes. 

The behavior of the chromonemata, especially in Lilium, suggests that 
they possess the properties of a stiff elastic gel. When the coiled chro- 
monema is stretched out at anaphase, it appears to contract and coil as 
soon as the tension is released when the chromatids finally separate 
(Figure 25). The contraction is not rapid since all stages of contraction 
can be observed in pollen mother cells from a single anther, but the 
behavior does suggest some elasticity of the chromonema. 

In the earlier stages in both Secale and Lilium, the chromonemata lie in 
a matrix of lighter staining chromatic material, but when the chromatids 
are separated and elongated only the chromatids are differentiated from 
the cytoplasm. When the chromosomes shorten as they pass to the poles 
the less chromatic matrix is again visible (Figures 16 and 26). At a later 
stage when the daughter nuclei are organized, the Secale chromosomes 
again seem to consist of only the paired chromonemata (Figure 18). 
Bridges (Alexander 1928) suggests that the chromosome consists of a 
pellicle containing a chromonema of stiff gel coiled in a more fluid matrix. 
Such a chromosome sheath is described by Clausen (1929). A sheath, 
or limiting membrane, seems essential to account for the structures 
observed in the chromosomes. 


THE SIGNIFICANCE OF SPIRAL CHROMONEMATA 


According to Belling (1928), the chromonema of Liliwm can contract 
to one-third of its original length before the chromomeres come in contact 
with each other. But the metaphase chromosome is only about one-tenth 
as long as the original chromonema at pachytene. Thus, in order to 
maintain the linear arrangement of the chromomeres a coiling or “‘zig- 
zagging”’ is necessary at the later stages of contraction. The approxi- 
mation of the chromomeres and the corrugation of the chromosomes are 
sufficient to account for all of the contraction observed according to 
Belling. 

A similar explanation of chromosome coiling has been presented by 
Bridges (Alexander 1928) based on the description of chromosomes of 
Ascaris by Bonnevie (1908) and Vejdovsky (1912, 1926). Bridges 
assumes that the genes are in contact at all stages and that the gene 
string does not change its actual length by stretching or contraction 
except to a subordinate degree. The contraction of the chromosome 
would of course necessitate a coiling or looping of the chromonema which 
contains the gene string, if the linear arrangement of the genes is to be 
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maintained. Bridges accepts Kuwada’s (1927) interpretation of the 
method of coiling. According to this interpretation the two chromatids 
of the chromonema coil in such a manner that for each turn of the spiral 
there is a twist of the two threads about each other in the reverse direc- 
tion. Such a relation of the chromatids is essentially the same as a cor- 
rugation of two threads in only one plane. Such an arrangement of the © 
chromatids permits free separation even though they may appear to be 
united in a single coil. This type of coiling would occur if the two 
chromatids are held fixed at the ends as the coiling occurs. Bridges 
assumes that coiling is caused by the contraction of the pellicle forcing 
the more or less elastic chromonema into a coil within the pellicle. The 
coiled condition is supposed to persist through metaphase and subsequent 
stages as pictured by Kuwada (1927) and Vejdovsky (1926). 

In Secale there is evidence that coiling of the chromonema is caused 
by the contraction of the chromosome without any shortening of the 
chromonema. The chromosomes at metaphase are about one-third as 
long as they are at early diplotene while the chromonemata are about 
the same length at both stages (Compare Figures 1 and 4). At later 
stages, however, there is a shortening of the chromonemata while the 
chromosome length remains essentially unchanged. The spirals become 
fewer (Figures 12, 13, 14) and finally the chromatids appear as parallel 
rods (Figure 15). During the period from early metaphase to the stage 
where the chromosome shows its tetrad structure, the chromonema con- 
tract until they are about one-third as long as they were at early meta- 
phase or early diplotene. Obviously, the coiling of the chromonemata is 
not a mechanism essential for the preservation of the linear arrangement 
of the genes. tern 

In Lilium, the chromosomes at metaphase are about one-half as long 
as they are at diplotene. This shortening is associated with a coiling 
of the chromonemata which probably do not change their length to any 
great extent during this period. The length of the chromonemata at 
metaphase is about three times the length of the chromosomes which 
would mean that coiling begins when the chromonemata have decreased 
to about one-third of their original length, as Belling has found. 

In Lilium the coiled chromonemata are found at all stages of the first 
meiotic division except for a short time when the chromatids are stretched 
out just before the final separation of the chromosomes. During meta- 
phase the chromatids do contract somewhat but not more than one-half 
of their original length at diakinesis. When free from tension the 
chromatids are always coiled or corrugated at the first meiotic division. 

The chromosomes of grasshoppers show approximately the same 
amount of contraction as found in Secale between diplotene and meta- 
phase. There is, however, no coiling of the chromonema and the chro- 
matids are easily identified as separate units through the various stages. 
At diakinesis and at metaphase of the meiotic divisions the chromatids 
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are so oriented in most cases that they are as free to separate as if they 
were parallel rods. In early prophase there is some evidence of a coiled 
structure but in the later stages the shortening of the chromosomes is 
accompanied by a corresponding shortening of the chromonemata. 

A comparison of the behavior of the chromosomes in Secale, Lilium 
and Orthopteran species indicates that the coiling of the chromonema is 
due to the difference between the rate of contraction of the chromosome 
and the chromonema. In grasshoppers the chromonema shortens as the 
chromosome contracts; in Secale the chromosome shortens rapidly in 
the prophase while the chromonema is practically unchanged in length, 
but at metaphase the chromosome is unchanged while the chromonema 
shortens; and in Lilium the chromonema shortens somewhat, but is 
always longer than the chromosome except when it is stretched out at 
early anaphase. Possibly the rate of division has something to do with 
these differences. In the two species of plants the stages from diplotene 
to late diakinesis are not easily obtained but in grasshoppers these stages 
are the most common. A rapid contraction of the chromosome might 
prevent the corresponding change in the chromonema while a relatively 
slow change in chromosome length and organization would permit the 

-chromonema to accommodate itself to this change. 

If the spiral chromonema is the result of a contraction of the chromatids 
held in a relatively fixed position, then they would be free to separate 
while still coiled as Kuwada describes for Tradescantia. In Secale, 
however, the paired chromatids do not separate while coiled and in 
Lilium the paired chromatids separate only when pulled apart at time 
of division of homologous chromosomes. In Lilium the chromonema 
between the spindle fibre attachments and the first chiasma, is usually 
straightened out before any split appears. Occasionally the distal ends 
of the chromonema separate while still coiled, but in most cases the 
chromatids appear to be closely associated and pull apart only under 
considerable tension. However, the coiling must be primarily of the type 
described by Kuwada, which is essentially the same as a corrugation in 
one plane, or the chromatids would be so entangled that they could not 
be pulled apart at metaphase. It is probable, however, that some 
twisting of the chromatids occurs so that they are not easily separated 
while coiled. 

CHROMATID ASSOCIATION 


In both plants and animals the most critical studies indicate that the 
meiotic chromosomes consist of four chromatids at diplotene. In some 
animals the four chromatids can be followed through the prophase stages 
and “tetrads” are commonly observed at diakinesis and at metaphase. 
Even in the more complicated ring formations in the Orthoptera the four 
chromatids can be identified. 

In most plants, however, the tetrad nature of the chromosome cannot 
be seen until late metaphase when the homologous chromosomes are 
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practically separated. The failure to recognize the tetrad structure of 
plant chromosomes until the late stages of the first meiotic division is 
evidently due to the close association and coiling of the paired chromatids. 

According to Darlington (1929), homologous chromosomes at diakine- 
sis and metaphase are held together only through the exchange of partners 
between pairs of chromatids. The chiasmas formed by exchange of 
chromatids evidently do hold the paired chromosomes together at the 
earlier stages, but at diakinesis and metaphase the homologous chromo- 
somes are often associated where no chiasmas are present. In Datura 
there are no chiasmas at the late stages of the first meiotic division and 
the chromosomes are associated only at the ends (Belling 1927). In 
Secale many metaphase chromosomes are attached at one end with no 
apparent chiasma formation (Figures 4, 5 and 6). In many cases the 
chromosomes are in contact at their ends with no evidence of the existence 
of earlier chiasmas. Apparently the chromonemata can be attached at 
their ends without exchange of partners between pairs of chromatids. 
In Lilium the chromosomes at metaphase are apparently held together 
only by their chiasmas. The difficulty of separation of homologues seems 
to be dependent on the number of chiasmas present at metaphase. In 
Secale there is no evidence of unusual tension in the separation of homol- 
ogues but in Lilium the paired chromosomes are pulled apart with some 
difficulty. Darlington finds that the short chromosomes with a single 
chiasma separate earlier than long chromosomes with several chiasmas. 

Darlington’s study of polyploid Tulips and Hyacinths does show that 
the degree of pairing of homologous chromosomes is dependent on the 
number of chiasmas formed at diplotene. Only two chromosomes can be 
associated at any one point at pachytene so that in triploids the homol- 
ogous chromosomes always change partners. At diplotene only two 
chromatids are associated at any one point and the exchange of partners 
among chromatids forms the only connection between two or more 
homologous chromosomes. Darlington’s explanation of the method of 
chromosome and chromatid association is of considerable value in inter- 
preting the mechanism of crossing over and the chromosome behavior in 
polyploid species. 

In triploids the bivalents are apparently separated with some difficulty 
at the first meiotic division while univalents appear to divide readily in 
most cases. Newton and Darlington (1929) suggest that the difference 
in the behavior of bivalents and univalents in triploids may be due to the 
differences in the constitution of the chromatids. In a bivalent the chro- 
matids in each homologue may be from different parents, due to crossing 
over, while in a chromosome which has not been paired they are of the 
same origin. Occasionally a univalent appears to divide like a bivalent, 
but such a univalent may have been associated with the bivalents at an 
earlier stage so that it might consist of chromatids from different chro- 
mosomes. 
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‘According to Newton and Darlington (1929) the difficulty of separa- 
tion of bivalent, and the ease of separation of univalent chromosomes 
must be due to a greater attraction between homologous chromatids than 
between sister chromatids. On purely a priori grounds there is no reason 
for supposing that such differences should exist. The fact that the 
chromatids are from different parents is no reason for supposing that 
they have a greater attraction for each other than chromatids from the 
same parent. In Orthopteran chromosomes, where the chromatids can be 
clearly observed, there is no indication that the association of sister 
chromatids is any different than the association of homologous chromatids. 
A stronger attraction between homologous chromatids than between 
sister chromatids would mean that only homologous chromatids would 
pair and as a result of such pairing no detectable crossing over could occur. 
Such an association is not in accord with genetic results in other genera. 

The apparent difficulty of separation of bivalents compared with uni- 
valents is probably due to differences in the mechanical association of the 
chromatids. In Lilium the homologous chromonemata are coiled during 
metaphase and are connected by chiasmas. A single coiled chromonema 
would divide readily if the chromatids were associated according to 
Kuwada’s interpretation, but the chromatids could not separate readily 
except in one plane. If these planes do not coincide in the bivalent then 
one pair of chromatids would separate only under considerable tension. 
There is evidence in Lilium that such differences between the two pairs 
of chromatids do exist (Figure 24). If there is any twisting of the 
homologues about each other, or if crossing over occurs, the difficulties in 
separation of coiled chromatids would be increased. In Secale the chro- 
monemata are not coiled at the time of chromatid separation and the 
chiasmas are usually single and terminal. In these chromosomes there 
is no evidence that unusual tension is required to separate the chromo- 
somes. The rare occurrence of univalents which behave like bivalents 
in the triploid Tulips and Hyacinths is probably due to some twisting of 
the chromatids about each other which would prevent easy separation. 


PARASYNAPSIS AND TELOSYNAPSIS _ 


In Secale and Lilium side by side pairing is essential to account for the 
relation of the homologues at diplotene and early diakinesis. The para- 
synaptic interpretation is the only one which is supported by cytological 
evidence in all genera which have been critically studied. The associa- 
tion of chromosomes in triploids described by Newton and Darlington 
(1929), and Belling’s (1927) description of segmental interchange applied 
in more detail to the Oenothera problem of ring formation by Darlington 
(1929) has removed all remaining arguments for telosynapsis. 

Recently telosynapsis has been described in Secale by Melburn (1929), 
but it is obvious from an examination of the figures presented that any 
conclusions drawn from such material are worthless. 
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PRE-REDUCTION OR POST-REDUCTION 


The first meiotic division is generally considered to be the one at 
which the homologous chromosomes are usually separated (Wilson 1925, 
Robertson 1916), but there is good evidence that post-reduction also 
occurs (Wenrich 1916, Carothers 1926). When crossing over occurs there 
is little significance in these two terms because either meiotic division 
would be both reductional and equational for different segments of the 
same chromosome. 

The invariable occurrence of pre-reduction must mean that sister 
chromatids are already bound together by the spindle fiber attachment 
at the leptotene or pachytene stage, or that the formation of nodes and 
internodes at diplotene is not a random process. The first suggestion is 
the more probable. 

Where pre- and post-reduction occur in equal proportions in a par- 
ticular chromosome (Wenrich, 1916) we must conclude that internode 
formation at diplotene depends on random association of chromatids 
and that the spindle fiber attachment does not unite associated chroma- 
tids until diplotene or later. | 

Invariable post-reduction will occur if homologous chromatids are 
bound together at the point of spindle fiber attachment at pachytene, 
or if internode formation is not a random process, but always occurs so 
that homologous chromatids are always associated at the point of fiber 
attachment. Post-reduction would also invariably occur if only homolo- 
gous chromatids were paired, but in such a case crossing over could not be 
detected by genetic tests. 

The fact that the chromosome segments are seldom, if ever, of the 
same genetic constitution at the point of the spindle fiber attachment in 
the “‘equational exceptions” described by Bridges and Anderson (1925) 
and by Redfield (1930) proves that in Drosophila the first meiotic division 
is invariably reductional. Both the cytological and the genetic evidence 
leads to the conclusion that regular post-reduction is exceptional. 


THE MECHANISM OF CROSSING OVER 


Janssens’ earlier theory of crossing over has been discussed by Wilson 
and Morgan (1920) and his latest modification of the chiasmatype 
theory (Janssens 1924) has been considered in detail by McClung (1927). 
In his earlier discussion of crossing over Janssens assumed that the homol- 
ogous chromosomes were twisted and broke at certain points of contact to 
reunite forming new associations which combined segments from each 
homologous chromosome. In his more recent paper he assumed that 
breaks might occur in the chromatids at any point where they were in con- 
tact. As the paired chromatids open out, the “‘chiasmas” represent 
points of segmental interchange between two homologous chromatids. 
Crossing over was described at various stages of meiosis including meta- 
phase. 
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As Janssens’ critics have pointed out, the chiasmatype theory of 
crossing over is not in accord with the cytological facts. The “chiasmas” 
are only optical phenomena and are formed by the alternate separa- 
tion of different pairs of chromatids (Diagram 2). Since a detailed 
criticism of the chiasmatype theory of Janssens has already been pre- 
sented by McClung it will be unnecessary to discuss it further at this 
time. 

Belling (1929) has offered another explanation of crossing over, al- 
though it is presented only as a working hypothesis. He assumes that 
breaks occur in the chromatids at leptotene. When two breaks in 
different chromatids coincide at pachytene they may reunite to form a 
chiasma or point of segmental interchange between homologous chroma- 
tids. The chiasmas found at metaphase represent points at which 
crossing over occurs when the chromosomes divide. 

As Newton and Darlington (1929) have pointed out Belling’s theory of 
crossing over is based on the unproved assumption that the occurrence 
of one break will interfere with the occurrence of a second break in the 
adjacent sections of the chromatid. The theory can not be reconciled 
with the differences in chiasma formation in triploid and tetraploid 
Hyacinths (Darlington 1929). There is no explanation of the cause of 
numerous breaks in the chromatids, or if they do break, why they should 
reunite. 

Morgan (1919) has suggested that the twisting of the chromosomes 
about each other in the early prophases might cause breaks in the chro- 
matids so that sections of different chromatids would reunite. According 
to this theory crossing over is dependent on thetwisting of chromonemata 
about each other at a number of points. This theory has little cytological 
support and does not meet all genetic requirements. 

Several other theories have been presented to account for crossing 
over, but since they have such an inadequate cytological basis they need 
not be considered here. 

In none of the theories presented is there an adequate explanation 
for the remarkable precision of crossing over so that duplication and 
deficiency of chromatid sections rarely occur. Nor is there any adequate 
reason why the chromatids should be recombined after they break. 

No satisfactory interpretation of crossing over can be based entirely 
on the spermatocyte chromosomes of the Orthoptera, because in this 
group there is little cytological or genetic evidence that crossing over 
occurs in the males (McClung 1927, Nabours 1925). But if we assume, 
as seems probable, that chromosome behavior in plants and amimals is 
fundamentally the same, differing only in details, then our knowledge of 
Orthopteran chromosomes, combined with recent information concerning 
chromosome structure and behavior in plants, should serve as a basis 
for a logical interpretation of crossing over which is in accord with all 
genetic requirements. 
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The cytological interpretation of crossing over will be outlined, fol- 
lowed by the cytological evidence and a discussion of the genetic evidence. 


THE CYTOLOGICAL INTERPRETATION OF CROSSING OVER 


The homologous chromosomes become associated side by side at pachy- 
tene and are often more or less twisted about each other (Diagram 1). 
The chromonema of each chromosome is two-parted at leptotene al- 
though the sister chromatids may not be differentiated until pachytene 
or later. The pairs of chromatids may also be twisted about each other 
to some extent. 

At diplotene the paired chromatids open out forming nodes and inter- 
nodes. There is usually an alternate association of sister and homologous 
chromatids. The nodes represent points at which the chromatids change 
partners and are referred to as chiasmas. The maternal chromatids are 
pictured as black threads and the paternal chromatids as white threads 
(Diagram 2). 

Between diplotene and metaphase the chromosomes contract about 
two-thirds of their length. In many species the paired chromatids do 
not contract during this period but form an apparently single spiral 
chromonema in each homologue. The relation of the chromatids during 
the earlier stages of chromosome contractions are shown in Diagram 8. 

Due to the partial twisting of the chromosomes about each other at 
pachytene some of the internodes will be oriented so that two of the 
chromatids will come in contact where they cross each other at the 
chiasmas. Contact of chromatids at chiasmas will also occur due to the 
coiling of the chromonemata as shown in diagram 6. In this case the inter- 
nodes open out at right angles to each other although only the sections of 
the chromonemata adjacent to the chiasma are represented. Beginning 
at the right end of this chromosome segment the coiling of both chromo- 
nemata is to the right, and at the chiasma the two crossed chromatids lie 
in one plane and are in contact with each other. Whether the chromatids 
come in contact due to twisting of the homologues or to coiling of the 
chromonemata, their subsequent behavior is the same. The paired chro- 
matids on either side of the chiasma are closely associated and 
pairing of the chromatids, gene by gene, extends up to the point where 
the chromatids cross each other. The close association and coiling of the 
paired chromatids prevents any movement of the chiasmas and any 
strain imposed on the chiasma will cause the crossed chromatids to break 
at the point of contact. This strain on the chiasma could be induced by 
a further opening of the internodes, by unequal contraction of the two 
chromonemata, or by a slight amount of twisting of the chromonema as it 
coiled. 

Breaks in the two chromatids occur at the same locus in most cases due 
to the close association of the paired chromatids. The free ends of the 
broken chromatids then pair, gene by gene, with the intact chromatids 
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until the broken segments of the different chromatids are brought in 
contact. In this way segments from different chromatids are combined. 

Between early diplotene and metaphase the number of chiasmas is 
reduced, due to crossing over between different chromatids. In the 
chromosome represented by diagram 2, there are four chiasmas. Let 
us assume that crossing over occurs at chiasmas B and C. The relation 
of the chromatids at metaphase will then appear as shown in diagram 4. 
At this time, and probably at the earlier stages, the chromatids are so 
closely associated that they appear as a single coiled chromonema. In 
this diagram the association of maternal and paternal chromatids is 
indicated by cross lines. 

The chiasmas which persist until metaphase are pulled apart as the 
chromosomes divide and at anaphase the four chromatids are completely 
separated except at the point of the spindle fiber attachment. The 
composition of the four chromatids resulting from this double crossover 
is shown in diagram 5. In the second division the chromatids, now the 
daughter chromosomes, are finally separated. 

Crossing over between sister chromatids is not shown in the diagrams, but 
it could occur if there were preferential pairing between homologous chroma- 
tids, which isimprobable. It could also occur if there were a twisting of the 
chromatids and pairing of homologous chromatids on either side of the 
twisted strands. Random association of chromatids, so that there is 
pairing between diagonal as well as adjacent chromatids, will result in 
crossing over between sister strands. With random associations of chro- 
matids one-third of the crossovers should be between sister strands in 
diploids and one-fifth in triploids. Such a random association of chroma- 
tids is also improbable. 

The present theory of crossing over is based on the fact that at diplotene 
there is an exchange of partners between paired chromatids at the chiasmas 
and that between diplotene and late diakinesis there is a reduction in the 
number of chiasmas. When extensive movement of the chiasmas is prevented 
by the close association or coiling of the paired chromatids, any reduction in 
the number of chiasmas must be due to breaks in the chromatids at the chias- 
mas so that segmental interchange occurs between two chromatids. This 
segmental interchange between two homologous chromatids is the cytological 
mechanism responsible for genetic crossing over. 


THE CYTOLOGICAL EVIDENCE 


The cytological evidence for this interpretation of crossing over is based 
on the work of McClung and his students with the Orthoptera, and on 
the recent work of Belling and Darlington, as well as the results of the 
present study of chromosome structure in Secale and Lilium. 

In both plants and animals the homologous chromosomes pair side by 
side at the early prophase of the first meiotic division. The individual 
chromosomes may be longitudinally split before pairing as shown by 
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the work of Robertson (1916) and McClung (1928) and as indicated by 
the work on somatic chromosomes by Kaufmann (1926) and Sharp 
(1929). If the chromonema appears as a single thread at pachytene, which 
is often the case, the dual nature of the chromonema appears at later 
stages. 

According to the cytological interpretation of crossing over two homol- 
ogous chromatids must come in close contact with each other at chiasmas. 
This association of chromatids may be due to some twisting of the homol- 
ogous chromatids about each other before or shortly after the diplotene 
stage, or to coiling of the chromonemata which would frequently cause the 
crossed chromatids to come in contact with each other at the chiasma. 
There is some evidence that a strepsinema stage occurs before or during 
early diplotene (Wenrich 1916, 1917, Robertson 1916, Janssens 1924). 
This twisting of the chromosomes occasionally persists to some extent 
to the later stages, but as a rule this torsion is undone as meiosis proceeds 
so that at metaphase the chromonemata on either side of a chiasma are in 
planes at right angles to each other. Strepsinema stages have also been 
described in many species of plants at both early and late prophase, but 
critical preparations show that twisting of synaptic chromosomes occurs 
only to a limited extent, if at all, at early and late diakinesis. Very 
little twisting of the chromosomes is necessary, however, to bring the 
crossed chromatids in contact at one or more chiasmas. Some such 
torsion seems necessary to produce apparently parallel chromosomes 
connected by a median chiasma as has been pictured at diakinesis in 
Crepis by Babcock and Clausen (1929). 

There is no direct evidence that coiling of the chromonemata brings 
chromatids in contact at chiasmas, but there is adequate evidence that 
coiling of the chromonemata occurs in many plants and some animals. 
By means of wire models it can be demonstrated that such coiling will 
often bring the crossed chromatids into close contact at the chiasmas 
(Diagram 6). 

In the Orthopteran chromosomes the associated chromatids change 
partners so that at diplotene different chromatids are paired in alternate 
internodes. The relation of the chromatids at dipJotene is not so clear 
in plant chromosomes, but there is some evidence that the nodes are 
really chiasmas at this stage, and at metaphase when the chromosomes 
are pulled apart the chiasmas are frequently observed. It seems very 
probable that the relation of the chromatids at diplotene is the same in 
most plant and animal species. 

There isno coiling of the chromonemata in a Orthopteran chromosomes 
at diplotene or later stages and the chromatids appear to be free to divide 
in a single plane. As the chromosome contracts and the diplotene loops 
open out, the chiasmas are free to move along the chromosome and are 
easily terminalized. In these chromosomes. there is little chance for 
crossing over to occur. 
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In many plants and apparently in some animals the chromatids are 
closely associated and are coiled. In such chromosomes there can be 
no extensive movement or terminalization of the chiasmas before late 
metaphase. But there is a reduction of the number of chiasmas between 
diplotene and metaphase. In Lilium the total number of nodes or 
chiasmas is reduced from about thirty-nine at diplotene to about twenty- 
three at late diakinesis and metaphase (Belling 1928). A similar re- 
duction of the number of chiasmas is also shown in Tulipa by Newton 
(1927). In Secale the average number of chiasmas in typical chromosomes 
is reduced from about four at diplotene to one or two at metaphase. 
The subterminal chiasmas in Secale are often terminalized but the median 
ones must break at the point of intersection of the crossed chromatids. 
If terminalization had occurred the dual nature of the chromonemata 
should be evident in the median sections of the chromosomes as it is 
occasionally at the ends. 

The reduction in the number of chiasmas in these species must mean 

that in most cases the chiasmas which disappear between diplotene and 
diakinesis are due to breaks in the crossed chromatids. According to 
Belling (1928) ‘‘the nodes which disappear between diplophase and late 
diakinesis do not seem to be all or mainly twists. Nor do these vanishing 
nodes seem to be chiasmas which open out; for if so, this process should 
have been visible as it is at early anaphase.”’ As has been shown in the 
diagrams such breaks would result in crossing over between two chro- 
matids. 
_ In some chromosomes as many as three or four crossovers are possible, 
although it is improbable that so many chiasmas would break at one 
division of a single chromosome. The average number of crossovers per 
chromosome appears to be about two in Secale and somewhat more than 
one in Lilium and Tulipa. Some of these crossovers may be between 
sister chromatids and could not be detected by genetic tests. 

The cytological evidence for crossing over is not complete in all details 
and the actual breaks in the chromatids at chiasmas have not yet been 
observed. It seems very probable, however, that crossing over between 
homologous chromatids is associated with the reduction in the number of 
chiasmas between diplotene and diakinesis as Darlington (1929) has 
suggested. 

THE GENETIC EVIDENCE 

The genetic evidence for crossing over, especially in Drosophila, is 
now so complete that any theory regarding the mechanism involved can 
be thoroughly tested. The cytological interpretation presented in the 
preceding section seems to be in accord with the genetic results. 


Time oF Crossina OvER 


According to the genetic evidence crossing over must occur shortly 
after the pairing of homologous chromosomes. The cytological evidence 
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presented in the preceding section indicates that it occurs between 
diplotene and diakinesis. The effect of temperature on crossing over 
would seem to show that the segmental interchange between chromatids 
occurs at an early prophase stage (Plough, 1917). The potential amount 
of crossing over is determined to some extent by the number of chiasmas 
formed at early diplotene so that any treatment which would affect 
chiasma formation at this time might be correlated with the amount of 
crossing over, even though the actual breaks at the chiasmas do not occur 
until late diplotene or early diakinesis. 

Crossing over occurs at the four-strand stage as was shown by Bridges 
(1916). Several cases of equational non-disjunction were found where 
one of the X chromosomes was a crossover and the other was not. Later 
this interpretation was more fully confirmed by an analysis of equational 
exceptions obtained from triploid females of Drosophila (Bridges and 
Anderson 1925). These results clearly indicate that crossing over occurs 
when the chromosomes are split into two strands or chromatids. This 
work also proves that crossing over occurs only between two chromatids 
at any one point. The present cytological interpretation is in accord 
with these genetic results, but the previous theories are not. 


GENE DUPLICATION AND DEFICIENCY 


Crossover levels between the two chromatids seem to be remarkably 
uniform, but Sturtevant (1925) has found a case of unequal crossing over 
at the bar locus of the X chromosome in Drosophila. If the paired 
chromatids are not closely associated on either side of a chiasma it is 
possible for the crossed chromatids to come in contact so that a break 
will result in unequal crossing over. Such a relation of the chromatids 
and the results of unequal crossing over are shown in diagrams 7 and 8. 

Sturtevant found that the order of the different genes was unchanged 
in duplicated and deficient sections of the chromosomes but the order of 
the two alellomorphs, bar and infrabar, may be BB’ or B’B. The order 
of alellomorphic genes will depend on the point at which unequal crossing 
over occurs. 

Sturtevant’s data indicate that the length of the chromosome is 
increased by duplication because the percentage of crossovers between 
forked and fused in normal bar stock is 2.5, but when the bar locus is 
double in each chromosome the percentage of crossing over between 
forked and fused is increased to 3.5. Apparently the unequal crossing 
over in this case involves an average length of one genetic unit. 

Subsequent pairing between duplicated and deficient chromosomes 
will involve difficulties: in the pairing of similar genes, although the 
elasticity of the chromonemata might permit pairing of similar genes in 
cases where only a very short section is involved. 

The most remarkable fact concerning crossing over is the accuracy 
of chromatid exchange at the same level. The unequal crossing over at 
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the bar locus described by Sturtevant is exceptional, and is the only 
case recorded. Equal crossing over would be expected to occur if the 
associated chromatids are paired, gene by gene, up to the point of crossing 
of chromatids. This close association of the paired chromatids on either 
side of the chiasma would result in very short sections of the chromatids 
where crossing over is free to occur. In fact the pairing of similar genes 
in the associated chromatids would be expected to bring the point of 
crossing over to a region between the same two consecutive genes in each 
of the two chromatids involved in crossing over. The fact that the chro- 
matid can contract about two-thirds of its length between diplotene and 
late metaphase suggests that at the time of crossing over, the gene 
elements may be separated by genetically inactive segments of the gene 
string. 
CROSSING OVER BETWEEN SISTER CHROMATIDS 

Crossing over between sister chromatids can only be detected by 
genetic tests in case of unequal crossing over, or perhaps by comparing 
the amount of crossing over in diploids and in triploids. Sturtevant (1928) 
has found no case of unequal crossing over at the bar locus of the X chro- 
mosome which is not accompanied by crossing over between forked and 
fused, so he concludes that in this region of the X chromosomes crossing 
over between sister chromatids does not occur. If pairing occurs between 
chromatids at random at the prophase of the meiotic division, then one- 
third of the crossovers in diploids and one-fifth of the crossovers in trip- 
loids will be between sister chromatids. A comparison of crossing over 
frequency in diploids and triploids should show whether or not crossovers 
occur between sister strands, but as Anderson and Bridges (1925) and 
Redfield (1930) have found, the differences between diploids and trip- 
loids show so much variation in different regions of the chromosome 
that any differential effect on crossing over, which might be caused by 
crossing over between sister chromatids, is completely masked. 

There is no genetic evidence that crossing over occurs between sister 
chromatids, and the cytological evidence indicates that such crossing 
over must be exceptional. Crossing over between sister chromatids 
posits preferential pairing of homologous chromatids. which is unlikely, 
and if such pairing is exclusive no genetic crossovers would occur. An 
occasional crossover between sister chromatids might be expected, due 
to the association of different homologous chromatids in two successive 
internodes, but such crossovers must be considered exceptional. 


INTERFERENCE 


The phenomenon of interference was first observed by Sturtevant in 
1918 and since that time it has been extensively studied by a number of 
investigators (Morgan, Bridges, and Sturtevant, 1925). In Drosophila 
chromosomes there is a modal interval between crossovers so that a break 
in one region interferes with a second break. Zero coincidence is found 
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for a certain distance, followed by an increase and then a second decrease, 
due to a second point of crossing over. The amount of coincidence is 
different for the three long chromosomes and varies in different sections 
of the same chromosome. The relation of the chiasmas and internodes 
seems to provide an adequate cytological explanation of interference. 
The genetic evidence indicates that the distance between crossovers is 
variable and Bellings (1928) description of Liliwm chromosomes shows 
that the internode length is variable. The high coincidence in the middle 
of the third chromosome of Drosophila indicates that breaks in chiasmas 
are more likely to occur in two consecutive chiasmas where the internode 
length is comparatively long. 


VARIATIONS IN CROSSING OVER 


The amount of crossing over varies in different chromosomes and in 
different sections of the same chromosome (Morgan, Bridges, and 
Sturtevant, 1925). Crossing over would be expected to be a variable 
process if chiasmas are formed more or less at random and break only as 
the result of accidental twisting, unequal chromonema contraction, or 
other irregularities. Both the genetic and the cytological evidence is in 
accord with Morgan’s (1925) conclusion that crossing over is an accidental 
by-product of the reduction division. 

In Drosophila crossing over does not occur in the male and may be 
partially or completely inhibited in the female. There are several pos- 
sible explanations to account for the lack of crossing over in the male. 
If only sister chromatids are associated at diplotene, there would be no 
chiasma formation and no opportunity for crossing over to occur. But 
due to absence of chiasma formation the association of homologues would 
be loose and considerable irregularity would be expected in the first 
meiotic division. There is adequate genetic and cytological evidence 
that such irregularity does not occur. Random pairing between only 
homologous chromatids would also prevent any detectable crossing over, 
but there is no reason to suppose that such pairing occurs, or if it occurs, 
why it should not occur in the female as well as the male. The only 
alternative seems to be that the association of the chromatids in the male 
is the same as in the female, but that in the male the chromatids can ad- 
just themselves to changes in the chromosome during meiosis without 
breaking at the chiasmas as appears to be the case in the Orthoptera!. 

The Y chromosome of Drosophila is a special case because it shows 
no crossing over with the X even when it is present in the female (Bridges 
1916). In secondary non-disjunction of an XXY female Bridges finds 
that pairing between XX occurs about four times as often as between XY. 
This difference in pairing of the X and Y chromosomes indicates that 
there is less attraction between the X and Y than between the X chromo- 

*Huettner’s description of the tocyte chromosomes of Drosophila which appears in & 


recent issue of the Zeit. f. Zellforschung indicates that there is a loose association of homologous 
chromosomes, but that a few chiasmas are formed and the first meiotic division is regular. 
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somes. Such a difference may be due to the absence of genetic factors, 
or it would occur if chromatid pairing in the Y is always between the 
sister chromatids. If only sister chromatids pair the X and Y could be 
associated only at the ends, which would result in loose pairing of the X 
and Y in normal males so that these chromosomes should divide before 
the division of the autosomes or tend to lag behind as univalents. Metz 
(1926) has found in several species of Drosophila that there is a loose 
association of the X and Y chromosomes at meiosis. According to 
Huettner (1930) the X and Y lag behind in the first spermatocyte division 
of Drosophila melanogaster, although apparently not as univalents. 

Where crossing over is suppressed in all chromosomes of the female 
(Gowen and Gowen 1922), it is possible that pairing occurs only between 
sister chromatids. As has previously been pointed out, such pairing 
would result in a loose association of homologous chromosomes with the 
frequent occurrence of univalents at the first meiotic division and con- 
siderable irregularity in chromosome distribution. Gowen (1928) does 
find a relatively high proportion of chromosome duplication in the prog- 
eny of non-crossover ‘flies. 

This interpretation of the cause of no crossing over is supported by the 

work of Beadle (1930). He found that a single recessive factor caused 
asynapsis, or lack of chromosome pairing at meiosis, in Zea. The pollen 
of such plants is sterile, but some of the ovules are functional. When 
these asynaptic plants are pollinated with normal pollen about half of 
the progeny were triploids. Asynapsis leads to triploid production in 
Zea and is probably the cause of triploid flies in Gowen’s non-crossover 
stock. 
Asynapsis would occur if there is a differential rate of development 
between chromosome pairing and chromatid organization. If at lepto- 
tene the sister chromatids have already reached a stage of separation and 
development commonly found at diplotene then there can be no chiasma 
formation at later stages because the sister chromatids are already 
organized in pairs. The pairing between homologous chromosomes would 
be very loose, if it occurred at all. As a result no crossovers would occur, 
univalents would usually be found at diakinesis and metaphase, and ir- 
regular distribution of univalents would produce gametes with the hap- 
loid, intermediate, and diploid chromosome numbers. Asynaptic females 
crossed with normal males would produce aneuploid and triploid progeny. 
Apparently the pairing of sister chromatids in non-crossover stocks of 
Drosophila is not exclusive because rare crossovers are obtained (Gowen, 
1929). In Beadle’s asynaptic strain of Zea a few bivalents are often 
found. 

A considerable number of crossover modifiers have been found in Dro- 
sophila which decrease or eliminate crossing over in certain chromosome 
segments (Morgan, Bridges, and Sturtevant, 1925). These variations 
in crossing over may also be due to preferential pairing of sister chroma- 


214 JOURNAL OF THE ARNOLD ARBORETUM [vou. x1 


tids in these regions. If preferential pairing of sister chromatids occurs 
over a considerable portion of the chromosome there should be a loose 
association of the homologues, and crossing over should be reduced or 
eliminated from a relatively long section of the chromosome. Bridges’ 
(1916) work on high non-disjunction stocks of Drosophila seems to be 
of value in solving this problem. According to Bridges a high percentage 
of non-disjunction exceptions from XXY females means that the per- 
centage of XY pairing is increased while pairing between XX is decreased. 
This change in the relations of the X and Y chromosomes would be ex- 
pected if a genetic factor caused preferential pairing of sister chromatids 
for a considerable length of the X chromosome. The association between 
X chromosomes would be decreased because few chiasmas would be 
formed. The loose association between the two X chromosomes would 
result in an increase of XY pairing, which normally is very low. But 
such an association of sister chromatids would also decrease the amount 
of crossovers between the X chromosomes which do pair. It is perhaps . 
significant that Bridges found crossover reducers in high non-disjunction 
stocks which decreased the amount of crossing dver in the X chromo- 
somes (Morgan, Sturtevant, and Bridges, 1925). 

Crossing over would also be eliminated in chromosome segments if a 
chromosome with an inverted segment paired with a normal chromosome 
as Sturtevant (1926) has found. The cytological explanation is obvious. 


CROSSING OVER IN TRIPLOIDS 


If the present cytological interpretation of crossing over is correct it 
must also be in accord with the crossover relations found in triploids. 
In triploid females of Drosophila crossing over has been found to occur 
between all three of the X chromosomes (Bridges and Anderson 1925) 
and between the three third chromosomes (Redfield 1930). In both cases 
two types of double crossovers were found; recurrent crossovers where the 
second crossover involves the same two chromosomes as the first, and 
a progressive type in which the second crossover takes place between 
different chromosomes from the first. These two types of crossovers 
occur with equal frequency. Appropriate genetic tests have permitted 
an analysis of the two chromosomes which pass to the same egg cell. 

The behavior of the chromosomes in triploid Hyacinths described by 
Darlington (1929) seems to offer an explanation of triploid crossing over. 
When three homologous chromosomes pair at pachytene only two of 
them are associated at any one point so that an alternation of partners 
occurs. The association of three such homologous chromosomes at pachy- 
tene is represented by diagram 9. At diplotene chiasmas are formed 
between any two of the three chromosomes as shown in diagram 10. At 
the first reduction division two of the three chromosomes pass to one pole. 
The equational division separates paired chromatids. 
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In the hypothetical trivalent, shown in diagram 10, let us assume that 
crossovers occur at chiasmas 1, 8, and 5. The spindle fiber attachment is 
at the left end. We will assume that chromosomes A and B pass to the 
same pole at the first meiotic division. The chromatid constitution for 


AAAA 
ABBB 


the different segments of these two chromosomes will be and 


a. The second reduction division will then separate paired chroma- 
AAAA 


tids so that the two chromatids received by the egg cell will be 
BAAC 


or =~ or ae or a Three of these associations of chromatids 


would result in “‘equational exceptions” since for part of their length the 
two chromatids are alike. Crossing over between three chromosomes may 
be progressive or recurrent. In the above case only progressive crossovers 
occur, but if chromosome C paired with A instead of B, which would be 
equally probable, then recurrent crossovers would be obtained. With 
random association of the three homologous chromosomes, recurrent and 
progressive crossovers should occur in equal numbers. 

In both the X and the third chromosome of Drosophila, regions in 
which the genes are closely spaced on the diploid map are lengthened on 
the triploid map, and regions in which the genes are far apart in the 
diploid are shortened in the triploid. The work of Muller and Painter 
(1929) and of Dobzhansky (1930) seems to throwsome light on the possible 
cause of these differences in crossing over. These investigators found, 
that in the third chromosome the regions where the genes are closely 
spaced on the genetical map are far apart on the cytological map and 
vice versa. Such a relationship suggests that in regions where the genes 
are closely spaced on the genetical map, the average internode length 
between chiasmas is relatively long. The occurrence of long internodes 
would indicate that there is preferential pairing of chromatids in such 
regions. Such preferential pairing is probably caused by the physical 
relations of the chromosomes at the time of pairing rather than any 
preferential attraction between different chromatids. 

When three chromosomes pair there may be preferential pairing of two 
chromosomes in the region where long internodes occur in diploids or the 
chromosomes may change partners in this region. In either case the 
number of chiasmas will be increased in this region in the triploid. In 
the trivalent shown in diagram 10, Iet us assume that in the diploid the 
internode length frequently extends from chiasma 1 to chiasma 4. In 
the triploid two additional chiasmas are formed in this region. Thus 
crossing over in triploids would be increased in regions where genes are 
closely spaced in the diploid. 

In regions where the internode lengths are short in the diploid the 
intercalation of the third chromosome between two chiasmas would not 
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be expected to occur, so that for regions where the genes are widely 
spaced on the diploid map crossing over in the triploid would be reduced 
one-third. 


SUMMARY 


In Secale cereale each of the homologous chromosomes at metaphase 
of the first meiotic division contains a single coiled chromonema. The 
direction of coiling of the chromonema, in respect to the point of spindle 
fiber attachment, seems to be the same for any two homologous chromo- 
somes. 

During metaphase the chromonemata contract and become uncoiled. 
The chromonemata do not divide into separate chromatids until the 
chromonemata are uncoiled, although doubtless the two chromatids retain 
their identity from early prophase. 

Between diplotene and metaphase the chromosomes shorten about 
one-third, but the chromonemata retain their original length by coiling. 
During metaphase the length of the chromonema is reduced about one- 
third while the length of the chromosome remains essentially the same. 

In Lilium regale coiled chromonemata are also found at metaphase. 
The first meiotic division begins while the chromonemata are coiled. As 
the chromosomes are pulled apart the spindle fiber ends of the chromo- 
nemata are straightened out. The chromosomes are apparently separated 
with difficulty. When the division is nearly completed the chromonemata 
are pulled out into more or less straight rods. At this time the two 
chromatids of each chromonema can be identified. When the division 
is complete the chromatids contract and become more or less coiled. 
At early telophase each daughter chromosome appears as two coiled 
chromatids held together only at the point of the spindle fiber attachment. 
During metaphase and anaphase there is some shortening of the chromo- 
nemata but it is always longer than the chromosome when free from tension. 

The coiling of the chromonemata, in Secale at least, is not a mechanism 
essential for the preservation of the linear order of the genes. 

A comparison of Secale and Orthopteran chromosomes indicates that 
coiling of the chromonema is due to a differential rate of contraction 
between the chromosome and the chromonema. 

The relations of the chromatids during the meiotic divisions are funda- 
mentally the same in both plant and animal chromosomes. The nodes, 
or chiasmas, represent points where the chromatids exchange partners. 

In plants the individual chromatids are closely associated in an 
apparently single chromonema and the tetrad nature of the bivalent 
chromosome is not clearly evident until late metaphase or anaphase. 

Between early diplotene and late diakinesis the number of chiasmas 
is reduced, due primarily to breaks in the chiasmas. Such breaks would 
result in crossing over between the two chromatids involved. 

A cytological interpretation of crossing over has been presented, based 
on the reduction in numbers of chiasmas between diplotene and late 
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diakinesis. This interpretation of crossing over seems to be in accord 
with all of the genetic requirements. 

The genetic phenomena of interference, gene duplication and defici- 
ency, variations in crossing over, and crossing over in triploids, have been 
discussed in their relation to the cytological mechanism of crossing over. 


Cyto.ocicat LaBoratory, ARNOLD ARBORETUM, 
Harvarp UNIVERSITY. 
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DESCRIPTION OF PLATE 25 


All figures were drawn from smear preparations of pollen mother cells. Figures 
1 a 19 inclusive are magnified 2700 times; figures 20 to 26 inclusive are magnified 
1600 times. 


SECALE CEREALE 


Fig. 1. A typical chromosome at diplotene showing nodes and internodes. 

Fig. 2. Three chromosomes at early diakinesis showing the number and distri- 
bution of nodes and internodes. 

Fig. 3. A typical association of homologues at late diakinesis. 

Figs. 4-6, Metaphase chromosome with coiled chromonemata. 

Fig. 7. All seven chromosomes at metaphase showing the different types of 
chromosome pairing. 

Fig. 8. A vertical ring chromosome with a chiasma at one end. 

Figs. 9-12. Chromosomes at late metaphase showing less coiling of the chro- 
monemata and the dual nature of the chromonemata. 

Fig. 13-15. Chromosomes at late metaphase showing the straightening of the 
chromonemata and the separation of the chromatids. 

Fig. 16. Two chromatids at late anaphase. 

Fig. 17. A daughter chromosome at telophase. 

Fig. 18. A chromosome at interphase. The two chromatids are held together 
only by the spindle fiber attachment. 

Fig. 19. The seven chromosomes at the second meiotic division. 


LILIUM REGALE 


Fig. 20. A chromosome with nodes and internodes at diplotene. 
Figs. 20-22.. Metaphase chromosome with coiled chromonema, Alternate inter- 
nodes at right angles to each other. 
Fig. 21. Early anaphase as the chromosome begins to divide. Noseparation of 
chromatids. : 

Fig. 22. Later stage of first meiotic division showing dual nature of chromonemata 
and the relations of the chromatids at the chiasma. 

Fig. 23. Unequal separation of chromatids. 

Fig. 24. Late anaphase with one Liga of chromatids in contact while the other 
pair have separated and contracted. ‘ 

Fig. 25. A typical daughter chromosome at early telophase showing contraction 
and coiling of the chromonema. 


DESCRIPTION OF PLATE 26 


Diagrams illustrating the cytological mechanism of crossing over. . 
Diagram 1. Pairing of chromosomes at pachytene. The chromosomes are slightly 
Gorintet about each other and are separated into their respective 
chromatids. The maternal chromatids are pictured in black, the pater- 
nal chromatids in white. 
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Diagram 2. Diplotene looping and the formation of nodes and internodes. The 
exchange of partners between paired chromatids constitutes a chiasma. 

Diagram 3. Later diplotene stage as the chromatids become closely paired and form 
acoiled chromonema. Dueto a partialtwisting of the chromonemata, 
about each other or tothe coiling of the chromonemata, the chromatids 
which appear to cross each other at the chiasmas will often be brought 
in contact with each other. 

Diagram 4. Early metaphase. Chiasmas B and C have broken between early 
diplotene and late diakinesis. Since the close association and coiling 
of chromatids prevents appreciable movement of chiasmas any stress 
imposed onthe chiasmas, dueto unequal contraction of chromonemata, 
to opening of diplotene loops, or torsion caused by chromonema coiling, 
will cause breaks in some of the chiasmas. The association of two 
independent chromatids, one from each parent, into an apparently 
single chromonema, is indicated by cross lines. 

Diagram 5. The four chromatids at late anaphase showing the results of the double 
ae The associated chromatids separate at the second meiotic 

ivision 

Diagram 6. Dueto coiling of the chromonemata two chromatids may be brought in 
contact with each other even though the adjacent internodes lie in 
planes at right angles to each other as shown in this diagram. Gene by 
gene association in the paired chromatids will cause pairing of the 
associated chromatids up to the point of exchange of partners, so that 
breaks in the chromatids are confined to a very mall segment of the 
crossed chromatids, and will result in precise crossover levels between 
the two chromatids. 

Diagrams 7-8. These diagrams show the relations of the chromatids which would 
result in unequal crossing over. The order of the two alellomorphic 
genes B and B’ in the duplicated section will depend on the point 
where crossing over occurs. 

Diagrams 9-10. The relations of the three homologous chromosomes at pachytene 
and at diplotene in triploids. These relations of the chromosomes and 
chromatids are based on Darlington’s description of the chromosomes in 
triploid Hyacinths and seems to be in accord with genetic results 
obtained from Drosophila triploids. 


CHROMOSOME NUMBERS IN QUERCUS 
Ha.ty JoLIvetTs Sax 


THE genus Quercus is dividcd into three subgenera, Cyclobalanopsis 
Erythrobalanus and Lepidobalanus. These subgenera include more than 
three hundred species of Oaks. They are found in the temperate regions 
of the northern hemisphere and in the tropics at high altitudes. They 
range south to Colombia in America and to the Malay Archipelago in 
Asia. 

There are many hybrids known among the Oaks. Trelease says “So 
far as my knowledge goes, no hybrids have been detected except between 
parents of a single subgenus though supposed crosses of the aberrant 
red oak, Q. Emoryi, with the white oaks, Q. grisea and Q. pungens are 
reported.” Crossing is usually found between very closely related species 
within the subgenus. Trelease reports fifty-one hybrids in the United 
States. 

The Arnold Arboretum includes among its collections many pure 
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species and hybrids of Quercus. A number of these were studied to 
determine the number of chromosomes, the size of pollen grains, and the 
amount of pollen grain sterility. 

The first report on chromosome number in Quercus was given by 
Cosens in 1912. He reported eight chromosomes as the somatic number 
in Q. coccinea Muench. 

Wetzel, in 1928, reports eleven as the reduced number for the following 
species: @. coccinea Wangh., @. Dalechampii Tenore, Q. glandulifera 
Blume, Q. Koehnei Ambrozy (Q. Ilex X sessiliflora ?), Q. libani Oliv., 
Q. macranthera Fisch. & Mey., Q. pontica K. Koch, Q. robur L., Q. sessili- 
flora Salisb. (Q. sessilis Ehrh.). The chromosome numbers in the above 
species were obtained by studying the divisions in the pollen mother cell. 
The number of somatic chromosomes, determined by studying nuclear 
divisions in the root-tips, was found to be twenty-two in Quercus Cerris 
L. and Quercus nigra L. 

In 1929 Grimpu reported the number of chromosomes found in the 
following species: Q. suber, Q. Ilex, Q. coccifera, Q. palustris. He found 
twelve to be the reduced number. He studied the somatic chromosomes 
in Q. cerris and found twenty-four chromosomes. 

Friesner, in 1930, published the chromosome number in ten species 
of Quercus: Q. alba, Q. macrocarpa, Q. Prinus, Q. Michauxii, Q. Muhlen- 
bergii, Q. borealis var. maxima, Q. velutina, Q. coccinea, Q. marilandica, 
and Q. prinoides. He reports twelve as the diploid number of chromo- 
somes in the roots of each of the ten species. 

The species of Quercus studied in the present work belong to the sub- 
genera Erythrobalanus (the Red and Black Oaks) and Lepidobalanus (the 
White Oaks). All the hybrids are from crosses between species of the 
same subgenus. 

The chromosome number was determined from the divisions in the 
pollen mother cells. Very good figures were obtained from acetocarmine 
smears. Although the chromosomes were very small, it was possible to 
get clear figures by this method. 

The counts are given inthe table included below which gives the species, 
the place of origin, the number of chromosomes, the average size of 
the pollen grains and the percentage of sterility found in each species. 

In most species the number of chromosomes was very distinctly twelve. 
In some cases, there were apparent only eleven chromosomes; in others 
thirteen chromosomes could be counted. As reported by Grimpu, there 
seems to be some irregularity in the meiotic division due to the loose 
association of the chromosomes. In all cases the number was 12 or 12 
+1. The hybrids show the same number. From the table there appears 
to be a remarkable uniformity in number when the species are of the 
same or of different subgenera or when they are pure species or hybrids. 

Since pollen grain size is usually considered an index to relationship 
of chromosome number within a genus, measurements of the pollen 
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grains in the above and additional species were made. Mature pollen 
grains were mounted in aceto-carmine. They were then measured by 
means of an ocular micrometer. In order to avoid differences due to 
swelling on applying aceto-carmine, the spores were measured at the 
same intervals of time in the different species after fixing. A large 
number of pollen grains were measured. From these the average size 
of the grain was computed. The data are given in Table I. 

The size of the pollen grains in the different species ranges from 6.8 to 
8.7 units with the exception of Q. dentata. In this species pollen was taken 
from two trees, one having pollen grains of 8.7 units in diameter, the 
other 11.2. It is noteworthy that there is the same range of variation in 
size of pollen grains in the species where the chromosomes have been 
counted and have been found to be 12 or 12 + 1 as there is where no 
counts were made, excepting the one unusual case of Q. dentata. It 
would be interesting to determine the chromosome number in both speci- 
mens of Q. dentata to see if there is any cytological variation connected 
with the morphological differences. 

The amount of pollen grain sterility in the different species was 
determined by counting the number of poorly developed pollen grains 
in a field as well as the total number. Several counts were made and the 
percentages of sterility calculated for each species. 

Table I includes the data on sterility. The sterility ranges from three 
to ten percent with the exception of one of the two trees of Q. dentata. 
This tree, which also had the exceptionally large pollen grains, showed 
eighty percent ‘sterility. The other specimen of Q. dentata had eight 
percent pollen sterility. This does differ significantly from that of 
other species. With one exception, there is really no significant differ- 
ence in sterility between the different species and the hybrids studied. 
There is a striking uniformity in fertility both in pure species and in 
hybrids. Q. ludoviciana, Q. Leana, Q. exacta, Q. Bebbiana, and Q. Sar- 
gentii, all hybrids, show no significant difference in sterility from that 
found in pure species. 

The uniformity in chromosome number, in the pollen grain size and 
pollen grain fertility among both pure species and the hybrids is remark- 
able. There is a large number of natural hybrids with apparently fertile 
pollen within the subgenus. Thus in the Oaks we find great variability 
in morphological characters and a wide geographical distribution with 
uniformity in chromosome number. 

Much of the variability in the morphological characters of Quercus 
is doubtless due to hybridization but it is not associated with any ir- 
regularity in chromosome distribution. 
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DATA ON QUERCUS 


Quercus Chromosome Pollen Pollen Habitat 
number size St.% 


Erythrobalanus 

Be OMIIANS OK iain sins oe anes 12+1 N. America 

eemimbricarinvess - cr. ee ck sees 12 ips 4 N. America 

CP MIGCANIS Hoe Ae sinicials &o10.9's Sse 1241 74 8 N. America 

GI BEXAGER EC t aisle). Ooo sure 12 7.4 7 N. America 

RICH NG retanerees to aie s ivisieisce ee 7.9 6 N. America 

CMEVELULINAS Ie os ses os take see vs 1241 7.0 7 ~N. America 

RVCOOGINCA Se Pres RialeididisiS 6. Obie vA | 4 N. America 

Oppalvstrisitse ys ccnicls. -\asileine.c 12 6.9 6 N. America 

Lepidobalanus 

MVSBCITOLR ee el wcrc ess cs so es 7.3 6 Asia 

CVSO@RITIS ME SEAT. taicde clk ies ces 8.0 3 Asia 

OQ srmacranthers...c.. tenis s.ccis a0 o's 7.9 6 Enprasia 

ROMEO OUee ree helene caps vis 2 e's o's 7s 6.8 10 Europe, N. Africa, 
West Asia 

0), WEG Oo A ee eee 7.8 7 Asia Minor 

LS CER Se Soe eee 12 7.5 3 N. America 

REO DDIRUA cinco vik < esie 5 5) 7.6 7 N. America 

CMGAMbENI thy eee fre es os 6.9 9 N. America 

QSMACTOCATPAI OAS see iriei«$ie.6 efor. 12+1 69 6 N. America 

SD COLOL EA et Biches oisisusi snes 12 74 3 N. America 

MPETEOMGAMLE vice cess ciigie ach ous os) «a + 12 7.3 3 N. America 

RyeparpenthixX oes cee cee cess tl 7 

Oaprinoidess ee nsises S05 disid's's 6.9 3  N. America 

Q. Muhlenbergii................ 12 6.8 7 N. America 

RY ALLCN Sean eaters cre oie erors. Sue ous: 7.0 4 Asia 

Grelsnauliioravte. cesses ces Vek ss 7.1 9 Asia 

CriOnvolicassemen: aeons che « 12+1 Asia 

EUEG ETA a See ean ee 11.2 80 Asia 

ROMUCHURLHE ats pane os ccc tscas s 8.7 8 Asia 

Q. ludoviciana = Q. phellos x rubra. 

Q. Leana = Q. imbricaria x velutina. 

Q. exacta = Q. imbricaria xX palustris. 

Q. Bebbiana = Q. alba X macrocarpa. 

Q. Sargentii = Q. montana xX robur. 
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NOTULAE SYSTEMATICAE AD FLORAM SINENSEM, IT! 


H. H. Ho 

Acer Chingii, sp. nov. 

Arbor ad 11 m. alta, trunco 60 cm. diam. ,coma ampla patente, cortice 
calcareo-albido, ramulis glabris. Folia 5-loba, circa 10 cm. diam., basi 
profunde angusteque cordata, lobis acuminatis integris vel apicem versus 
sparse adpresseque serratis, lobo medio anguste oblongo marginibus fere 
parallelis ad 5.5 cm. longo et 2 cm. lato, lobis lateralibus ad 4.5 cm. 
longis, basalibus ovatis 1-1.2 cm. longis, saepe deorsum curvatis lateribus 
inferioribus fere contiguis, utrinque reticulata, supra laete viridia et 
glabra, subtus nervis primariis basin versus satis dense villosis exceptis 
glabra; petioli ad 3 cm. longi, pubescentes. Corymbi fructiferi circa 5 
cm. diam., ut videtur breviter paniculati et multiflori, sed in specimine 
viso fructus immaturos 4 vel 5 gerentes; flores ignoti; samara alis angulo 
recto divergentibus nuculo leviter compresso 4 mm. longo incluso ad 18 
mm. longis et 7 mm. latis rubro-purpureis extus rectis intus leviter falcatis 
basin versus angustatis. 

Tree to 11 m. high, trunk 60 cm. in diam., with large spreading crown, 
bark chalky white, branchlets glabrous. Leaves 5-lobed, deeply cordate 
at base, 10 cm. in diameter, lobes acuminate, entire or sparsely and 
appressedly serrate toward the apex, midlobe to 5.5 cm. long, 2 cm. broad, 
lateral lobes to 4.5 cm. long, basal lobes often bending abruptly downward, 
approximately 10-12 mm. long, reticulate, light green and glabrous above, 
glabrous exceyt densely pubescent along the midribs beneath; petiole to 
3 cm. long, pubescent; corymbs about 5 cm. in diameter, apparently 
many-flowered, in the specimen at hand with 4 or 5 fruits; flowers un- 
known; samara with wings spreading at right angle, 1.8 mm. long in- 
cluding the nutlet, wings reddish-purple, straight at back, slightly falcate 
on the inner side, narrowed at base, to 14 mm. long, 7 mm. broad; nutlet 
slightly compressed, smooth, 4 mm. long. 

Kwanest: Bin Long, Miu Shan, north of Luchen Hsien, on border of 
Kweichow, alt. 1220 m., common in woods, R. C. Ching, Kwangsi Ex- 
pedition, Academia Sinica, no. 5980 (type), June 14, 1928. 

A species of the section Platanoidea, distinct from other Asiatic species 
chiefly in the deeply cordate base of the leaf and approximate basal lobes. 


Schima bambusifolia, sp. nov. 

Arbor ad 15 m. alta, trunco 30 cm. diam.; ramuli glabri. Folia coriacea, 
elliptica vel elliptico-lanceolata, 5.5-9 cm. longa et 2-2.5 cm. lata, acuta 
vel longe acuminata, basi cuneata vel fere rotundata, integra vel obscure 
crispata ad marginem, supra levia, glabra, lucida et intense viridia, sub- 
tus glabra et obscure coeruleo-viridia; petioli crassi, 13 mm. longi, glabri. 
Fructus racemosi, globosi, 1 cm. diam., brunnescentes, albido-punctati; 
pedicellis crassiusculi, 12 mm. longi; semina reniformia, 5 mm. longa et 4 
mm. lata, uno latere leviter concava, anguste alata. 

1 Continued from p. 48. 
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Tree to 15 m. high, trunk 30 cm. in diam.; branchlets glabrous. Leaves 
coriaceous, elliptic to elliptic-lanceolate, acute to long acuminate at apex, 
cuneate to subrounded at base, entire to obscurely crisped along the 
margins, smooth, glabrous and dark shining green above, glabrous and 
dull bluish-green beneath, 5.5-9 cm. long, 2-2.5 cm. broad; petiole thick, 
13 mm. long, glabrous. Fruits racemose, globose, 1 cm. in diam., 
brownish, punctate with whitish dots; pedicels thickish, 12 mm. long; 
seeds reniform, slightly concave on one side, narowly winged, 5 mm. long, 
4 mm. broad. 

A species differing from all others in much smaller entire leaves, 
smaller fruits and seeds. 

Kwanest: Shih wan dar Shan, south of Nanning, alt. 1800 m., common 
in woods, R. C. Ching, no 8020, Oct. 19, 1928 (type), no. 8523, Oct. 27, 
1928. 


Vatica cordata, sp. nov. 

Planta lignosa scandens (fide coll.), ad 4 m. alta; ramuli glabri longi- 
tudinaliter striati, lenticellis sparsis elevatis breviter ovalibus instructi, 
ut inflorescentia luteo-griseo-pubescentes. Folia subcoriacea, oblongo- 
ovata, 12-14 cm. longa et 7-9.5 cm. lata, basi cordata et 5-nervia, supra 
glabra et pallide viridia, subtus pallidiora et dense pilis flavo-fuscis 
sericeo-strigosis; petioli 5-6 cm. longi, glabrescentes. Inflorescentia 
axillaris, racemosa, folia excedens; alabastra conica, obtusa, 4.5 cm. longa, 
puberula; bracteolae ovato-lanceolatae, acutae, 1.5 mm. longae; calycis 
lobi deltoidei, acuti, 1mm.longi. Fructuscalyx tubo brevi sparse puberulo; 
calycis lobi longiores 2, lineari-oblongi, 7.5 cm. longi et circa 1-2 cm. 
lati, obtusi vel subacuti, basin versus leviter sensim angustati, minute 
pilosuli, nervis 3 conspicuis et 2 lateralibus levioribus dimidios lobos 
tantum percurrentibus; lobi breviores 3, oblongi, 1.5 cm. longi et 4 mm. 
lati, acuminati et apicum versus dentibus 1 vel 2 instructi; fructus obo- 
voidei, apice rostrati, circa 1.8 cm. longi et 6 mm. diametientes. 

Woody climber (fide collector) to 4 m. high, branchlets glabrous, 
longitudinally striated, with scattered elevated short oval lenticels, 
branchlets and inflorescence yellowish-gray pubescent, leaves subcori- 
aceous, oblong-ovate, cordate and 5-veined at base, glabrous and light 
green above, paler and densely yellowish-brown sericeous-strigose be- 
neath, 12-14 cm. long, 7-9.5 cm. broad, petiole glabrescent, 5-6 cm. long; 
inflorescence axillary, racemose, longer than leaves; flower buds conical, 
obtuse, 4.5 mm. long, puberulous; bracteoles ovate-lanceolate, acute, 1.5 
mm. long; calyx-teeth deltoid, acute, 1 mm. long; pedicels to 12 mm. long, 
puberulous; fruiting calyx with short tube sparingly puberulous, large 
calyx-lobes 2, linear-oblong, obtusish or subacute at apex, slightly nar- 
rowed gradually downward, minutely pilosulous, with three strong veins 
in the middle portion and 2 fainter lateral veins reaching about half of the 
length of the wings, 7.5 cm. long, about 12 mm. broad, smaller lobes 8, 
oblong, acuminate and 1- or 2-auricled near the apex, 1.5 cm. long, 
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4 mm. broad; fruit obovoid, beaked at apex, about 1.8 cm. long, 6 mm. 
in diameter. 

Kwanesti: Bako Shan, west of Poseh Hsien, alt. 900 m. in thicket 
on cliff, R. C. Ching, Kwangsi Expedition, Academia Sinica, no. 7426 
(type), Sept. 14, 1928. 

A species of the section Synaptea distinct from other species chiefly in 
the ovate-oblong leaves cordate at base and densely yellowish green 
sericeous-strigose beneath. That this species is recorded by the collector 
as a woody climber is exceedingly interesting. If correct, then it may 
prove to be the first known species of this family to be climbing, and the 
slightly bending branches certainly look like those of climbers. 

This is the second species of the genus Vatica discovered in China. 
The other species, V. astrotricha Hance, endemic in Cochin-China but 
lately discovered in Hainan, also belongs to this section. With the dis- 
covery of this species, there are now discovered in China three species of 
the family Dipterocarpaceae. The third species of this family is Shorea 
chinensis which Merrill discovered in Kwangtung. 


Gilibertia angustiloba, sp. nov. 

Frutex ad 1.5 m. altus (fide coll.), ramulis glabris. Folia omnia (?) 
' profunde trilobata, ad 16 cm. longa, basi cuneata vel sub-rotundata, 
glabra, supra laete viridia, subtus pallidiora, lobis lanceolatis, medio 
ad 15 cm. longo, lateralibus ad 12 longis, omnibus circa 18 mm. latis et 
apicem versus angustatis acutis, leviter et sparsissime denticulatis den- 
ticulis mucronulatis vel integris, nervo medio supra elevato et angusto, 
subtus minus elevato sed latiore, venulis exilibus, non reticulatis; petioli 
ad 6.5 cm. longi. Fructus (immaturi) globosi, 4 mm. diam., glabri, calyce 
obsolete denticulato, disco conspicuo, stylis in ee 1 cm. longam 
connatis; pedicelli circa 1 cm. longi. 

Shrub to 1.5 m. high (fide collector), branchlets Sunioiie leaves all (?) 
deeply 8-lobed, cuneate to rounded-cuneate at base, to 16 cm. long, 
glabrous, bright green above, paler beneath, lobes lanceolate, mid-lobe 
slightly longer than the lateral lobes, all tapering toward the apex, acute, 
obscurely and very remotely denticulate or entire, teeth mucronate, 
midrib elevated and narrow above, less elevated but broader beneath, 
veinlets faint, not reticulate, mid-lobe to 15 cm. long, lateral ones to 12 
cm. long, about 18 mm. broad; petiole to 6.5 cm. long; fruit (immature) 
globose, glabrous, 4 mm. in diameter, crowned with a prominent disk, 
calyx-teeth obsolete, style connate, 1 mm. long; pedicels about 1 cm. long. 

Kwanesi: Shih Wan Dar Shan, south of Nanning, alt. 900 m., under 
growth in forest, R. C. Ching, Kwangsi Expedition, Academia Sinica, no. 
8019 (type), Oct. 19, 1928. 

A species distinct in its leaves being all (?) deeply 3-lobed with long 
narrow remotely denticulate lobes which have a prominent midrib and 
faint veinlets. 
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Sinojackia Rehderiana, sp. nov. 

Frutex ad 5 m. altus; ramuli juveniles stellato-pubescentes. Folia 
membranacea, subsessilia vel breviter petiolata, obovato-elliptica ad 
elliptico-oblanceolata vel oblonga ad ovata, ad 9 cm. longa et 4 cm. lata, 
sed plerumque multo minora (2-8 cm. longa et 1.2-1.5 in ramis florenti- 
bus), acuta vel obtusiuscula, basi cuneata vel rotundata vel subcordata, 
laete viridia, utrinque ad venas et laminae basin versus stellato-pubes- 
centia, ceterum glabra, reticulata; petioli breves, 1-4 mm. longi, stellato- 
pubescentes. Flores albi, penduli, laxe cymoso-paniculati, pedicellis 
ad 2 cm. longis et pedunculis gracillimis dense stellato-pilosis, calyx 
cinereo-stellato-pubescens; 5-6-dentatus dentibus triangularibus acutis 
1 mm. longis; corolla profunde 5-6-partita segmentis oblongo-ellipticis, 
12 mm. longis et 4 mm. latis, acutiusculis, extus stellato-puberulis; 
stamina 8 mm. longa, filamentis basi in tubum brevem connatis stellato- 
puberulis; ovarium 3-loculare, stellato-puberulum, sensim in stylum 6 
mm. longum, glabrum, attenuatum, stigmate obsolete 3-lobulato; ovula 
8 in quoque loculo, biseriata. Fructus ligneus, indehiscens, apice conico 
longe rostrato ad 1 cm. longo; pars inferior obovoidens, leviter compres- 
sus, in stipitem attenuatus et cum stipite 1.5 cm. longum et 5.5 mm. 
diam., exocarpio suberosa non fisso, endocarpio ligneo, semen solitarium. 

Shrub to 5 m. high; young branchlets stellate-pubescent. Leaves 
membranaceous, subsessile to short-petioled, obovate-elliptic, elliptic- 
oblanceolate, oblong to ovate, acuminate, acute or obtusish at apex, 
cuneate, rounded or slightly cordate at base, serrulate, green and glab- 
rous except sparsely stellate-pubescent along the main veins or at the 
base of leaves on both surfaces, veins reticulate, to 9 cm. long, 4 em. broad, 
usually much smaller (2-8 cm. long, 1.2—1.5 cm. broad at flowering time) ; 
petiole short, 1-4 mm. long, stellate-pubescent. Flowers white, pendu- 
lous, loosely cymose-paniculate, peduncles and pedicels very slender, 
densely stellate-pilose, pedicels to 2 cm. long; calyx grayish stellate- 
pubescent, 5-6-dentate, teeth triangular, acute, 1 mm. long; corolla 
deeply 5-6-cleft, segments oblong-elliptic, acutish at apex, stellate- 
puberulous outside, 12 mm. long, 4 mm. broad; stamens 8 mm. long, 
filaments connate at base into a short tube, stellate-puberulous; ovary 
lanceolate, stellate-puberulous, 3-celled, style subulate, 6 mm. long, 
stigma obscurely 3-lobed; ovules 2-seriate in each cell, 4 in each series. 
Fruit woody, indehiscent, apex conical, long-beaked, to 1 cm. long, 
lower half of the fruit obovoid, slightly compressed, tapering into a 
stalk at base, grayish brown, punctate with whitish dots, 15 mm. long 
with the stalk, 5.5 mm. broad; exocarp corky, not fissured; endocarp 
woody; seed solitary. ; 

Allied to S. zylocarpa Hu, differing in shrubby habit, in thinner 
leaves, in looser flowers and much more slender and elongated fruits. 

Kranest1: Nanchang, common on low hills, H. H. Hsiung, no. 578, in 
1929 (fruiting specimen); no. 578b, April 20, 1930 (flowering specimen; 
type). 
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I take great pleasure in naming the second species of this interesting 
genus in honor of Mr. Alfred Rehder, Curator of the Herbarium of the 
Arnold Arboretum of Harvard University, whose profound knowledge 
of the ligneous flora of China is unsurpassed by any living botanist. 


A SUPPLEMENT TO J. T. P. BYHOUWER, 
“AN ENUMERATION OF THE ROSES OF YUNNAN.” 


C. E. Koxsusx1. 


In a former number of the Journal of the Arnold Arboretum! Dr. 
J. T. P. Byhouwer presented a paper dealing with the Roses of the 
Chinese province Yunnan. This year he planned a second visit to the 
Arboretum and intended while here to study additional material of 
Roses from Yunnan recently sent by Professor W. Wright Smith of the 
Royal Botanic Garden at Edinburgh. We are very grateful to Professor 
Smith for the loan of this material. Unfortunately Dr. Byhouwer 
found it inconvenient to visit the United States this year and to make 
the supplementary study. Since I was actively engaged in the study 
and writing of the former paper, it was desired that I should complete 
this study in order that the borrowed material could be determined and 
returned to the Edinburgh Herbarium without great delay. 

The specimens for study were those of a later collection by George 
Forrest, along with material collected by F. Ducloux, Monbeig, C. 
Schneider and others. 


Sect. SynstyLaE DeCandolle, Hort. Monsp. 137 (1813). 

Rosa multiflora var. cathayensis Rehder & Wilson in Sargent, PI. 
Wils. 11. 304 (1915), where full citation of literature and synonyms is 
given.—Byhouwer in Jour. Arnold Arb. x. 85 (1929). 

Prés de la ville, Yunnan-sen, F. Duclouz, no. 637, April 24, 1904. 

Rosa multiflora var. carnea Thory in Redouté, Roses, 11. 67, t. (1821).— 
Rehder & Wilson in Sargent, Pl. Wils. 1. 305, (1915), where full cita- 
tion of literature and synonyms is given.—Byhouwer in Jour. Arnold 
Arb. x. 86 (1929). 

On the margins of thickets and by streams, Chienchuan-Mekong 
divide, lat. 26° 30’ N., long. 99° 20’ E., alt. 2440 m., G. Forrest, no. 
23535, June 1923 (spinous, scandent shrub, 3-6 m.; fls. white to pale 
rose, fragrant); margins of thickets and by streams, Chienchuan-Mekong 
divide, lat. 26° 30’ N., long. 99° 20’ E., alt. 2135-2440 m., G. Forrest, 
no. 23578, July 1923 (spinous, clambering shrub, 3-4.5 m.; fis. white, 
fragrant); margins of thickets and by streams, hills around Wei-Hsi, 
lat. 27° 12’ N., long. 99° 12’ E., alt. 2185-2740 m., G@. Forrest, no. 25724, 
July 1924 (spinous, semi-scandent shrub with arched branches, 2-3 m.: 
fis. pure white, fragrant). 

1See vol. x. 84-107 (1929). 
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The three Forrest specimens cited above present a deviation from 
typical var. carnea in that they all possess white flowers. Also the 
leaves of no. 25724 are distinctly glabrous while the other two specimens 
(nos. 23535 and 23573) are densely puberulent on the rhachis, petiole 
and lower surface of the leaves. 

Besides these three cited specimens two other numbers may be men- 
tioned under this variety. These all vary from typical R. multiflora var. 
carnea in having smaller, glabrous leaves measuring only 1-2 cm. in 
length and being distinctly obtuse or rounded at the apex. All together 
the variation seemed so great that on the first superficial examination 
one would hardly class them as belonging to the same species. The data 
of these two specimens are as follows:—Amongst scrub by streams near 
habitations, Chienchuan-Mekong divide, lat. 26° 20’ N., long. 99° 20’ E., 
alt. 2440 m., G. Forrest, no. 23487, June, 1923 (spinous shrub, 1-3.5 m.; 
fls. pale yellow); amongst scrub by streams, Chienchuan-Mekong divide, 
lat. 26° 20’ N., long. 99° 20’ E., alt. 2440 m., G. Forrest, no. 23518, July 
1923 (spinous, semi-scandent shrub, 3-4.5 m.; fls. fragrant, deep rose). 
One observes in examining the annotation on the labels of these two 
specimens that the color variation is very great; the former specimen 
(no. 23487) with its yellow flowers agreeing with the numbers cited in 
the paragraphs above while the latter (no. 23518) having rose colored 
flowers agrees with typical R. multiflora var. carnea as it is generally 
known. 

Rosa Brunonii Lindley, Ros. Monog. 120, t. 14 (1820).—Rehder & 
Wilson in Sargent, Pl. Wils. 1. 306 (1915), where full citation of literature 
and synonyms is given.—Byhouwer in Jour. Arnold Arb. x. 306 (1915). 

Exact locality and date lacking, northwest Yunnan, 7. Monbeig, nos. 
93 and 94, in 1907. 

Rosa Helenae Rehder & Wilson in Sargent, Pl. Wils. 11. 310 (1915).— 
Byhouwer in Jour. Arnold Arb. x. 88 (1929). 


Rosa floribunda Rolfe in Gard. Chron. ser. 3, tv1. 210 (1915), pro parte. 
—Non Steven, nec Baker. 


On trees and scrub in thickets, Chienchuan-Mekong divide, lat. 26° 
80’ N., long. 99° 20’ E., alt. 2440-2740 m., G. Forrest, no. 23534, June 
1923 (scandent, spinous shrub 3-9 m.; fls. white, fragrant). 

Rosa longicuspis A. Bertoloni in Mem. Acad. Sci. Bologna, x1. 201, t. 
18, (1861); Misc. Bot. xxi. 15, t. 3 (1861).—Rehder & Wilson in Sargent, 
Pl. Wils. m. 313 (1915).—Byhouwer in Jour. Arnold Arb. x. 88 (1929), 
where full citation of literature and synonyms is given. 

Vallons du Tchong chan, Yunnan-sen, F. Duclouzr, no. 1210, April 28, 
1909; Ko [?]-tsou region de Kiao Kia, F. Duclouz, no. 1211, Mai 11, 1909 
(plante cueillie par le pére S. Ten); Tchen fong chan dans la prefecture 
de Tchao tong, F. Ducloux, no. 635, Mai 11, 1901; open thickets and by 
streams along ascent of the Li-ti-puie from the Yangtze, lat. 27° 12’ N., 
alt. 2740-3050 m., G. Forrest, no. 18875, June 1917 (spinous shrub, 2-4 
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m.; fils. fragrant, white, flushed and margined rose); date and exact | 
locality lacking, E. B. Howell, nos. 209 and 210. 

Rosa glomerata Rehder & Wilson in Sargent, Pl. Wils. 11. 309 (1915).— 
Byhouwer in Jour. Arnold Arb. x. 91 (1929). 

Amongst scrub by streams, Chienchuan-Mekong divide, lat. 26° 30’ 
N., long. 99° 20’ E., alt. 2740 m., G. Forrest, no. 23491, July 1923 (spinous, 
semi-scandent shrub, 3—4.5 m.; fis. fragrant, white). 


Sect. Banxs1aE Crépin in Jour. Hort. Soc. x1. 3 (1889). : 

Rosa Banksiae Ait. f. lutea Lindley in Bot. Reg. xm. t. 1105 (1827).— 
Byhouwer in Jour. Arnold Arb. x. 92 (1929): 

Rosa Banksiae f. luteiflora Léveillé, Cat. Pl. Yun-Nan, 234 (1917), nomen. 
earcieibe f. luteo-plena Rehder in Bailey, Cycl. Amer. Hort. IV. 1552 

In thickets and hedges and by streams around villages, Chienchuan- 
Mekong divide, lat. 26° 30’ N., long. 99° 20’ E., alt. 2440 m., G. Forrest, 
no. 23516, July 1923 (non-spinous? shrub, 2-3 m. with arched branches; 
fls. bright, soft yellow). 

Sect. Inpicar Thory, Prodr. Gen. Rosae, 128 (1820). 

Rosa odorata Sweet var. gigantea Rehder & Wilson in Sargent, PI. 
Wils. 11. 388 (1915), where full citation of literature and synonyms is 
given.—Byhouwer in Jour. Arnold Arb. x. 94 (1929). 

Vallons du Tchong chan, Yunnan-sen, F. Duclouz, no. 634, April 13, 
1904; Eul long Keou region de Kiao Kia, F. Duclouz, no. 1209 April 1909 
(Plante cueillie par le pére S. Ten); by streams around habitations, 
Chienchuan-Mekong divide, lat. 26° 20’ N., long. 99° 20’ E., alt. 2440 m., 
G. Forrest, no. 23575, June 1923 (erect shrub 2-3 m. with arched branches; 
fls. fragrant, rose-pink). 

Rosa chinensis Jacquin, Obs. Bot. m1. 7, t. 55 (1768).— Rehder & 
Wilson in Sargent, Pl. Wils. 11. 320 (1915), where full citation of literature 
and synonyms is given.—Byhouwer in Jour. Arnold Arb. x. 96 (1929). 

Village dans les vallons au N. E. de la villa, Yunnan-sen, F. Duclouz, 
no. 620,.April 11, 1906. 

Sect. CINNAMOMEAE De Candolle apud Seringe, Mus. Helv. 1. 2 (1818). 

Rosa multibracteata Hemsley & Wilson in Kew Bull. Misc. Inform. 
1906, p. 156.—Rehder & Wilson in Sargent, Pl. Wils. m. 328 (1915), 
where full citation of literature and synonyms is given.— Byhouwer in 
Jour. Arnold Arb. x. 101 (1929). 

Without exact locality, Pére Monbeig, no. 95, in 1907. 

Rosa sertata Rolfe in Bot. Mag. cxxxrx. t. 8473 (1918).—Rehder & 
Wilson in Sargent, Pl. Wils. 11. 327 (1915), where full citation of literature 
and synonyms is given.—Byhouwer in Jour. Arnold Arb. x. 100 (1929). 

Ad vias, regione prope Yung ning, C. Schneider, no. 1169, June 19, 
1914 (frut. erect. circiter 2 m. alt.) 

Sect. SrricEar Crépin in Jour. des Roses xv. (Nouv. Class Ros. 25) 
(1891). 
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Rosa omeiensis Rolfe in Bot. Mag. cxxxviu. t. 8471 (1912).—Rehder 
& Wilson in Sargent, Pl. Wils. 1. 331 (1915), where full citation of litera- 
ture and synonyms is given.—Byhouwer in Jour. Arnold Arb. x. 102 
(1929). 

Djou kou la prés Pin tchouan, F. Duclouz, no. 627, 1907 (plante 
cueillie par Jean Ty); without exact locality, Pére Monbeig, nos. 89 and 
90, in 1907. 


NOTE ON DARLINGIA SPECTATISSIMA F. V. MUELL. WITH 
DESCRIPTION OF A NEW VARIETY 


C. T. WHITE 


Government Botanist, Brisbane, Queensland 


One of the commonest trees in the rain-forests of Northeast Queens- 
land is Darlingia spectatissima F. v. Muell. In October 1899 J. F. 
Bailey named a second species from leaves only as D. ferruginea, sug- 
gesting at the same time it might when better known prove only to be a 
more ferrugineous form of D. spectatissima F. v. Muell. From flowering 
specimens recently sent to me by Mr. W. J. Ross and some collected on 
behalf of the Arnold Arboretum by Mr. S. F. Kajewski I have no hesita- 
tion in referring D. ferruginea J. F. Bailey as a variety to D. spectatissima 
F. v. Muell. This note is published before a general account of S. F. 
Kajewski’s North Queensland collection as he collected a number of 
sheets and a distribution of his number as D. spectatissima F. v. M. has 
been made. 

Darlingia spectatissima F. v. Mueller, Fragm. Phytogr. Austr. v. 152 
(1886). 

NortH QuEENSLAND: Rockingham Bay, J. Dallachy; Upper Barron 
River, J. F. Bailey; Atherton, J. F. Bailey, H. W. Mocatta; Evelyn, J. 
F. Bailey; Yarrabah near Cairns, N. Michael; Yungaburra, J. L. Tardent; 
Johnstone River, T. L. Bancroft, N. Michael. (See also Domin in Bibl. 
Bot. xx11 (89!) 593 [1921] ). 

Darlingia spectatissima F. v. Muell. var. ferruginea, var. nov. 

D. ferruginea J. F. Bailey in Queensl. Agric. Jour. v. 402 (1899). 

This variety differs from the normal form in young leaves being 
densely red-ferrugineous tomentose on the lower side, the hairs never 
totally disappearing even from the older leaves. 

North QuEENSLAND: Evelyn (local name Brown Oak), J. F. Bailey 
(leaves only), W. J. Ross (type of the variety); Atherton, C. T. White 
(leaves only); Malanda, C. T. White (leaves only); Gadgarrah Reserve, 
Atherton Tableland, alt. 800 m., S. F. Kajewski, no. 1127. 

Common in the rain-forest; medium sized tree up to 25 m.; flowers 
cream with a delightful perfume. 
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GRAFT-BLIGHT OF LILAC 
KENNETH S. CHESTER 


Since 1928 I have been engaged in a study of the diseases of Lilacs. 
Among these there is a destructive and widespread disease of the common 
Lilac, Syringa vulgaris, which is a sequent to a prevailing method of 
nursery practice and to which I have given the name Grart-BLicHT. It 
is a disease of exceptional interest and importance and one to which I 
have given special attention. The investigation of this particular 
disease has been carried to such a point that I can now give preliminary 
notice of my findings. A more extended account of this research will be 
published in the near future. 

This disease I have found prevailing in destructive measure in many 
widely separated places. I have observed it in various nurseries in 
New England, New York, and New Jersey, as well as in numerous 
private plantings, while reports have been received of its occurrence in 
various states as far west as Oregon, in Ontario, Canada, and in Germany. 

Plants affected with graft-blight exhibit symptoms of general nutri- 
tional deficiency, characterized by a progressive yellowing of the leaf 
margins and intervenous spaces, reduction in the size and number of the 
leaves, brittleness and curling of the leaves, premature or abnormally 
late leaf fall, and the resultant stunting of growth of the plant as a whole. 
It is limited, for the most part, to plants one to three feet in height and 
three to seven years of age. Since the symptoms are not usually amelior- 
ated as the plants grow older, the cumulative effects of the disease are 
shown by those which linger on in a state of depauperate dwarfism; 
such plants are finally discarded or because of their lowered resistance 
fall a prey to some secondary disease. A relatively small proportion of 
blighted plants recovers. > 

Although the disease gives all appearance of being of abiotic origin, 
care was taken to demonstrate that it was not of a contagious nature. 
Attempts were made to transmit it by recognized methods of inoculation 
such as are used in the case of diseases caused by fungi, bacteria, or 
viruses. The results of these experiments have proved definitely that the 
disease is not accompanied by the presence of any pathogenic organism 
or contagious principle. Likewise the distribution of the disease indicates 
that it is not of a biotic type. 

Although of abiotic origin, the disease shows no consistent relation to 
the external environment. It occurs under widely varying conditions of 
temperature and rainfall, on various kinds of soil, and in plants adjacent 
to absolutely healthy ones. 

By a process of elimination the search for the cause was narrowed 
down to an investigation of the relation of the disease to the grafting 
method so commonly employed by propagators. It was soon found that 
the disease characteristically manifests itself solely in Lilacs that were 
started by grafting or budding on Privet stocks. The trouble was found 
to lie in this practice of grafting the Lilac onto Privet. 
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The main burden of proof of this conclusion has rested on a set of 
grafting experiments repeated during two successive years under con- 
trolled conditions with identical results. Scions, all taken from the same 
Lilac plant, were grafted onto various species of Privet. These were 
observed in conjunction with control scions from the same source grafted 
onto Lilac stocks, as well as with cuttings from the same source rooted in 
the soil. This set of experiments was repeated a second season in a more 
extensive way. The disease manifested itself in a typical manner in 
every instance in the Privet-grafted plants, while the controls in all 
cases remained absolutely free from it. These experiments have been 
supplemented in other ways, all of which have yielded corroborative 
evidence. 

The results of these investigations have demonstrated unquestionably 
that the trouble lies in the Privet method of propagation. Incidentally 
it may be noted that the symptoms vary according to the species of 
Privet used, but no species of Privet stock tested is satisfactory. In 
brief it has been demonstrated that an incompatibility exists between 
Lilac scions and Privet stocks, and that this is expressed by a pathological 
condition of the Lilac crown. This incompatibility is so pronounced in 
its severity that large numbers of Lilacs so propagated and sent out by 
the nurseries for planting fail or languish in the hands of the buyer. 

Control of this Lilac blight is obviously to be accomplished by some 
modification of or by the abandonment of the Privet budding or grafting 
method and the adoption of some other method of Lilac propagation. 
Without question budding or grafting on Privet, Ash, Chionanthus, 
Forsythia, or other members of the Oleaceae is objectionable as usually 
employed. The Lilac can readily be propagated by the various “‘own- 
root” methods of layering, use of suckers, and by hard- and green-wood 
cuttings. It can also be propagated on Lilac understocks, but this is 
undesirable because of the suckering of the Lilac stock. Propagation by 
“‘own-root”” methods has been found to be the most desirable course. 
It is slower at first, but eliminates all danger of incompatibility, produces 
a high percentage of successful plants, and is commercially practical. 


PatHoLocicat LaBoraToRy, ARNOLD ARBORETUM, 
Harvarp UNIVERSITY, 
September 24, 1930. 


NOTES 
The Arnold Arboretum during the Fiscal year ended June 30, 1930. 


The Arboretum.—The year 1929-30 was unusually dry and very un- 
unfavorable to plant growth in general; little or no rain fell during the 
months of July, August and September and the winter snowfall was 
extremely light. Good rains happened inthe spring but were insufficient to 
make good the general shortage; unless heavy rain falls during the sum- 
mer months the trees and shrubs are likely to suffer. The vicinity of 
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Boston enjoyed a mild winter, being more fortunate in this respect than 
many districts in New England, not to mention more distant parts of 
the country. The frost at no time penetrated deeply into the ground 
which is fortunate since the snowfall was light. In general, plants in the 
Arboretum suffered little winter injury, evergreens in particular coming 
through unscathed. Rhodendrons and other broad leaved plants never 
wintered better. In January and February some freak weather was 
experienced, the temperature rising to an abnormal height which was 
not without its ill effects; on January 8th the thermometer rose to 64° F. 
and from February 20th to the 25th inclusive a daily average of 65° F. 
was maintained. This excited the flower buds on a number of plants, 
especially in those of the Prunus tribe, and subsequent cold weather 
killed them. The flower.buds on the trees of Prunus yedoensis and P. 
mandshurica were all blasted; so, too, were the majority on the Siberian 
Apricot (P. sibirica) and related species. The Peach trees in many 
parts of Massachusetts suffered badly; these early flowering northern 
trees are readily excited by warm weather in February and the result, 
as a rule, is disastrous. The advantage of planting them on high ground 
is well exemplified by trees of P. yedoensis on Bussey Hill and on Peters 
Hill, where the display of blossom was never finer, so the lesson is not to 
choose low land or supposedly warm corners in which to plant these 
northern spring flowering trees. 

During the autumn the work of extending and spreading out the col- 
lections continued; on Hemlock Hill a new group of about one hundred 
and fifty Hybrid Rhodendrons was made and in the spring a majority 
flowered. Under the grove of Pines on the right entering South Street 
Gate a plantation of some five hundred Kalmias was carried out. These 
two plantations should in the future be among the most attractive 
features of the Arboretum. The most important gift of plant material 
the Arboretum received during the year was twelve thousand Narcissi 
bulbs from Mr. T. A. Havemeyer, of Glen Head, Long Island. These 
were planted on the land immediately beyond the Administration Build- 
ing and flowering freely in the spring were a pleasing sight among the grass. 

On the whole the plants in the collections flowered well but the drought 
interfered with the display of fruit and autumn foliage. Among the 
more interesting plants that blossomed was the new Stewartia koreana, 
an Arboretum introduction from Korea; it promises to be the hardiest and 
best of its family. For the first time in cultivation blossomed Platyo- 
sprion platycarpum, a rare Japanese tree related to the American Yellow- 
wood; this plant was introduced by the Arboretum in 1919 and so far as 
is known is the only one in cultivation either in this country or in Europe. 
The Lilacs, now thoroughly rehabilitated, bloomed with great freedom. 
The collections are beginning to show the good effects of fertilizing, al- 
though the application of fertilizers will have to be continued over a 
period of years to produce any really marked results. 
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The drought made the fire hazards greater than usual and at times 
gave cause for much anxiety. The Arboretum proper escaped with one 
or two minor fires that were put out without any serious damage. On the 
land adjoining the branch line of the New York, New Haven and Hart- 
ford Railway a fire caused either by sparks or live ashes established itself 
in the peat bog and burned intermittently for more than two months. 
The railway company behaved very well, paying two hundred and fifty 
dollars damages. The Park Commission continue to keep the roads in 
good condition and carry out their part of the contract with Harvard 
University in an admirable manner. The police protection, however, 
remains most inadequate, indeed, it may be truthfully said that the Arbore- 
tum is unprotected. 

During the year 3,222 plants, including grafts and cuttings, were dis- 
tributed in the United States, Canada, Great Britain, Holland, Germany, 
Poland and Hawaii and 1,627 packets of seed in the United States, 
Canada, Great Britain, Ireland, Finland, United Soviet Socialistic Re- 
publics, China and New Zealand. There have been received 22,912 
plants, including grafts and cuttings and gbout 15,000 bulbs, from the 
United States, Canada, Great Britain, Cuba and Japan and 754 packets 
of seed from the United States, Canada, Cuba, Navassa, Great Britain, 
Ireland, France, Germany, Poland, United Soviet Socialistic Republics, 
China, Japan, India, Australia, and New Zealand. 

The “Bulletin of Popular Information” was issued as usual and its 
circulation has enlarged. The regular four numbers of the “Journal of the 
Arnold Arboretum” were issued; the circulation has increased and it 
continues ‘to be a valued medium of exchange. 

Visitors to the Arboretum were more numerous than in any previous 
year. Some 1,114 visitors registered at the Administration Building; 
they came from nearly every state in the union and from several countries 
of Europe, from South Africa, New Zealand, China, Japan and Java. 
Among the most distinguished visitors was General J. Smuts, an ardent 
botanist and ore time Prime Minister of South Africa. Another was Mr. 
Arthur Osborn, who has charge of the arboretum at the Royal Botanic 
Gardens, Kew, England. Mr. Osborn spent a couple of weeks in the 
Arboretum and made a list «f four hundred plants in cultivation in this 
Arboretum not growing in Kew Gardens. In July The American Associ- 
ation of Nurserymen held their convention in Boston and some five 
hundred of them spent a day among the Arboretum collections. Letters 
seeking information on dendrological and horticultural subjects increased 
and so, too, did the number of plant specimens sent in for identification. 
That the Arboretum is doing useful work, is best emphasized by the fact 
that the response to its annual appeal was more generous than ever 
before and included several hundred new supporters.—E. H. W. 


Pathological Laboratory.—The second year in the history of the 
Arboretum’s research laboratory in Plant Pathology has been marked 
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by an enlargement of equipment, a growing list of inquiries for help, and 
an active program of investigation. 

Early in the year an experimental greenhouse was erected contiguous 
to the laboratory. This supplied an imperative need; it has been 
occupied almost to capacity from the outset with experimental work 
for which provision elsewhere would have been impossible. A second 
item of interest has been the inauguration of a pathological herbarium. 
The private collection of the staff afforded a nucleus as a beginning. 
To this have been added many hundreds of specimens obtained from the 
western United States, collected during the summer of 1929 by Mr. G. D. 
Darker, who was sent out by the Arboretum for that purpose. The 
object in view is the accumulation of a working and reference collection, 
as complete as possible, of preserved materials illustrating the many 
diseases of trees and shrubs. Provision for the care and the housing of 
such a collection remains to be made. 

Inquiries for advice relative to specific diseases of trees, shrubs and 
forests have been received from about twenty States and Provinces. 
They have come from nurseries, forest operators, institutions and private 
owners. 

The investigational activities have been varied, and substantial 
progress has been made on several problems undertaken. A summary 
follows. 

1. A RECONNAISSANCE OF THE FOREST DISEASES OF Nova Scortia. 
In July, 1929, Nova Scotia was visited at the request of the Provincial 
Forester, to examine cross sections of its forests from a pathological 
point of view (J. H. Fautu. Notes on Forest Diseases in Nova Scotia. 
Jour. Arnold Arb. x1. 55-58. 1930). One immediate outcome has been 
the starting of an investigation of a disease which has ravished the 
Beeches there—a disease knowledge of which is of commanding interest 
because of the imminent threat to this highly valued tree species beyond 
the limits of that Province. 

2. PxHacipium BLIGHT OF ConirERS. The Report of the Arboretum 
for 1928-29 made reference to the success that had attended our efforts 
in a study of the cause of this disease and its control in nurseries. Ob- 
servation and experimentation continued in the nursery of the Brown 
Company at Oquossoc, Maine, have shown that many species of Conifers 
other than Spruces are susceptible to Phacidium blight, that the disease 
is perfectly controllable in all of them, and that without control their 
culture in areas characterized by certain climatic features is liable to 
failure. Similar studies have been extended to Phacidium blight in 
plantations (J. H. Favixt. The Spread and the Control of Phacidium 
Blight in Spruce Plantations. Jour. Arnold Arb. x1. 136-147. 1930). 

8. TRUNK AND ROOT DISEASES OF SprucE. A good deal of attention 
has been devoted during the year to a complex of problems comprised 
under this designation, and at present they constitute one of our major 


undertakings. 
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4. Exum piseases. We have been fortunate to have had with us 
throughout 1929-30 Dr. C. J. Buisman of the Phytopathologisch Labora- 
torium “Willie Commelin Scholten,” Baarn, Holland. Miss Buisman, 
who had already made notable researches on the European Elm disease, 
occupied herself with studies on the diseases of our native Elms, with 
special attention to those of the American Elm. Towards the end of 
her sojourn here a finding of great potential importance was made in 
some diseased Elm specimens sent from Ohio, namely, the presence of an 
organism that appears to be identical with the causal agent of the feared 
European Elm disease. As a result the Federal Bureau of Plant Industry 
was enabled to reach decisions of moment in this connection. 

5. NerxrpiLe Cast Funci. Studies on this group of fungi have been 
materially advanced by Mr. G. D. Darker. 

6. Livac piszases. Most important among the diseases of Lilacs is 
one which is shown to follow a prevalent, but ill-advised practice among 
propagators. Studies nearing completion, made by Mr. K. S. Chester, 
have demonstrated the cause and point the way to avoidance of the 
same. A preliminary account appears in the present issue of this Journal. 

7. Various minor topics have been taken up. Mention may be made 
of one, namely, on a rot of Calla Lily, since the brief paper published 
on it constitutes one of the the first records of this destructive, imported 
disease in America, and at the same time has something constructive to 
offer with respect to its control (K. S. Curester. The Phytophthora 
Disease of the Calla in America. Jour. Arnold Arb. x1. 169-171. 1930). 
—J. H. F. 


Cytological Laboratory.—The investigation of the chromosome num- 
bers of the species of the more important genera has been continued and 
several lines of work have been completed. The results obtained throw 
some light on relationships of different species and in some cases are of 
considerable interest to the plant breeder. 

All of the pure species of Syringa were found to have the same chromo- 
some number, but crosses can be made only between species in the same 
taxonomic groups. The chromosome relationships in certain hybrids 
indicate that all of the existing species are tetraploids. These results 
have been published in the Journal of the Arnold Arboretum Vol. x1, 
1930. 

The chromosome relationships in the genus Rhodendron have been 
found to be most interesting. This polymorphic genus contains nearly 
500 species, but representative species of different sections of the genus 
have the same chromosome numbers or are tetraploids. Hybrids between 
American and Oriental species show that there is complete compatibility 
between the parental chromosomes, although the two species may have 
been separated for millions of years. An account of this work has been 
published in the American Journal of Botany, Vol. xvu, 1930. 

Chromosome counts in Vitis show that the species of the subgenus 
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Euvitis have 19 pairs of chromosomes, while the Muscadinia species has 
20 pairs of chromosomes. This difference in chromosome number seems 
to be associated with fundamental differences in the two subgenera so 
that no fertile hybrids can be obtained between these two groups. This 
work has been published in the Proceedings of the American Society for 
Horticultural Science, 1930. 

A cytological study of the Caprifoliaceae shows that in most genera 
the basic chromosome number is the same. There is, however, a great 
deal of difference in the size of chromosomes of the different genera. 
No correlation was found between chromosome number or size and the 
degree of specialization of wood structure. These results were published 
in the Journal of the Arnold Arboretum Vol. x1, 1930. 

The chromosome number and behavior in hybrids between different 
genera of the Pomoideae of the family Rosaceae have been studied. The 
fact that the chromosomes of different genera of this group may function 
together indicates that they are more closely related than the taxonomic 
classification would imply. Part of this study has been published in 
the Proceedings of the National Academy of Sciences Vol. 15, 1929. A 
more complete cytological analysis of the Pomoideae will appear in the 
next issue of this Journal. 

A study of chromosome structure and the nature of chromosome 
association at the meiotic divisions is of considerable value in the deter- 
mination of the cause of variations in chromosome numbers in various 
genera and in species hybrids. A study of chromosome structure in 
Secale and Liliwm has shown the nature of chromosome association at 
meiosis and has served as a basis for a cytological interpretation of 
crossing over. This work appears in the present issue of this Journal. 

An investigation of chromosome structure is also being carried on 
with material which was collected at the Harvard Biological Laboratory, 
Soledad, Cuba. 

Breeding work has been continued, especially with the more important 
horticultural genera. Seedlings from the crosses made last year are now 
growing in the new greenhouse.—K. S. 


The Herbarium.—The Herbarium now contains 333369 sheets, 18313 
having been added during the time from July 1, 1929 to June 30, 1930. 
Of these accessions approximately 5700 were native of the United States 
and Canada, 2700 of Central and South America including Mexico and 
the West Indies, 1615 of Europe and Western and Central Asia, 4800 of 
China, 1000 of Southern Asia and Malaysia, 400 of Africa, 600 of Austral- 
asia and 1000 were cultivated plants. Among the more important col- 
lections received during the year the following may be mentioned: from 
expeditions wholly or partly supported by the Arnold Arboretum were 
received about 2000 numbers with numerous duplicates collected mostly 
in the southern and southwestern States by E. J. Palmer, about 850 
numbers with many duplicates collected by J. G. Jack in Cuba, about 
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1000 numbers with many duplicates collected by S. F. Kajewski in the 
New Hebrides and Santa Cruz Islands, more than 3500 numbers with 
duplicates collected by W. P. Fang in the Chinese province of Szechuan, 
nearly 600 numbers with duplicates collected by C. T. White and S. F. 
Kajewski in North Queensland, about 250 numbers with duplicates 
collected by J. Mattfeld in Bulgaria. As gifts were received about 360 
numbers with duplicates collected by W. Bangham in Central America 
and the West Indies, and about the same number collected by F. M. 
Salvoza in Panama and Cuba, about 120 numbers with duplicates col- 
lected by Dr. J. Becquaert in Yucatan, and about 540 specimens of 
cultivated plants from Vilmorin-Andrieux in Paris. By exchange were 
received from the Sun Yatsen University about 1700 Kwangtung plants, 
from the Edinburgh Botanic Garden about 500 Yunnan plants collected 
by G. Forrest, from the Metropolitan Museum at Nanking about 360 
plants from Kwangsi collected by R. C. Ching, from the Riks Museum 
at Stockholm about 330 plants of Tropical America, from the Berlin Bo- 
tanic Garden about 200 Kamerun plants, from the Yale Forestry School 
about 350 Liberian plants collected by G. P. Cooper; from the New York 
Botanic Garden about 1250 plants from E. Asia and the Philippines. 
Through purchase were acquired about 300 specimens from Argentina 
collected by Venturi and about 300 specimens from Mexico collected by 
C. A. Purpus. 

Besides the constant use of the herbarium by the staff in the deter- 
minations of plants sent in for identification and in the determination of 
large collections, chiefly from North America and Eastern Asia, the 
facilities of the herbarium have been used by students of other depart- 
ments of the University and from abroad as by Mr. Chien P’ei of 
Chengtu, China, who is working on a revision of the Chinese Verbenaceae 
and by Mr. F. P. Metcalf of the Canton Christian College who is pre- 
paring a flora of Fukien. For study outside of the Arboretum 803 speci- 
mens have been sent out on loan to 18 institutions and individuals in this 
country and Europe. 

There have been distributed from the herbarium 17430 specimens to 
41 institutions in the United States and Canada and in Europe, Australia 
and Africa; also 350 wood specimens to two institutions. 

To the fruit collection 137 specimens have been added which brings 
the number of fruit specimens up to 7037. The fluid in which fleshy 
fruits are preserved has been changed from a formalin solution to an 
alcohol-formalin solution. 

The arrangement and labeling of the wood collection has been finished 
and the general wood collection now contains 2186 specimens arranged in 
systematic order, 686 having been added during the year. 

Botanical explorations partly or wholly financed by this institution 
have been carried on in different parts of the world. Dr. H. Humbert who 
has collected during the second half of 1928 in Madagascar, has spent 
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the greater part of 1929 in East Africa where he visited chiefly the region 
of the Great Lakes, Tanganyika, Kivu and Lake Edward, ascended 
many high mountains, as Kanuzi (3250 m.), Karisimbi (4506 m.), 
Muhavura and Mikeno (over 4000 m.), Niragongo and Niamlagira 
(over 3000 m.) and Mt. Runenzori to the foot of the glaciers (4500 m.); 
he also visited the tropical forests of the upper Congo basin and the Kenya 
Colony. He returned in the autumn of 1929 to Algiers after having 
collected more than 5000 numbers with duplicates and he is now working 
on his collections of which we have received recently the first shipment. 
Mr. S. F. Kajewski spent the winter 1929-30 collecting in North Queens- 
land and after regaining his health impaired by attacks of fever while in 
the New Hebridesthe preceding summer set out at the end of February for 
the Solomon Islands and went first to Bougainville Island, the largest island 
of the group. Professor C. Y. Chiao of the University of Nanking has 
started at the end of May 1930 for Shantung on a collecting tour for the 
Arnold Arboretum and Nanking University; he will visit chiefly the central 
and western part of the province which is yet botanically little known. 
Professor J. Bornmiiller has collected from the end of April to the end 
of July 1929 in Asia Minor chiefly Anatolia and Paphlagonia. Assistant 
Professor J. G. Jack has spent again several months, July and August 
1929 and January to April 1930 in Cuba continuing the botanical exploration 
of the region near the Harvard Tropical Garden at Soledad, Cienfuegos. 
Mr. E. J. Palmer made from the middle of August to the middle of Sep- 
tember a collecting trip to southeastern Canada returning through New 
York and Pennsylvania; he paid particular attention to the species of 
Crataegus in view of the revision of the American species of the genus in 
which he is now engaged.—A. R. 


The Library.—During the year the Library has added 760 volumes, 
252 pamphlets and 1280 photographs, giving a total of 39,195 bound 
volumes, 9,466 pamphlets and 16,124 photographs. The number of 
photographs as given covers only the cards upon which they are mounted, 
sometimes as many as 6 small pictures being placed on one mount, 
bringing the actual number to nearly 17,000; besides these, 100 photo- 
graphs taken by Mr. E. J. Palmer in the middle and south western states, 
1924-1929, and 144taken by Mr. Frank N. Meyer in China from 1905 to 1916 
have been mounted in albums. In addition to the bound volumes there 
are over 200 works which were issued in parts, a large number of which 
are still publishing but many have been discontinued. 

Four hundred periodicals are received currently and represent nearly 
every country, among these there are several new ones from China 
strengthening our contacts with that part of the world. One hundred and 
ninety-three come as exchanges for the Journal of the Arnold Arboretum 
and a few for the Bulletin of Popular Information. 

About 1200 cards have been filed in the catalogue of books and more 
than 2400 slips for the supplement to the printed catalogue; 1000 cards 
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were filed in the catalogue of photographs and 4559 in the “‘ Card-index 

of new genera, species and varieties published by the Gray Herbarium.” 

To the manuscript “Index of illustrations and of new genera, species and 

varieties of ligneous plants since 1915,” prepared at the Arboretum, 3754 

cards have been added making the present total 86,851. 

Five hundred books have been bound, including periodicals and 1000 
titles, and 1280 photographs catalogued. 

During the past few years all nursery catalogues offering woody plants 
for sale have been preserved and they form an interesting and valuable 
group, representing 152 foreign and 198 American firms with total num- 
ber of 1750 catalogues and lists. 

The rapid growth of the periodical section necessitated more room and 
66 new shelves have been added to accommodate it. 

Among the more important acessions of the year, some of which have 
been previously noted in the April issue of this Journal are:— 
Watcort, Mary V. North American wild flowers. Vol. 5. 1925. Gift 

of Mrs. L. A. Frothingham. 

Conpber, Josiah. Landscape gardening in Japan. 1893. 

Scuweiecer, A. F. Flora Erlangensis. 1811. 

Satow, Sir E. M. The voyage of Captain John Saris to Japan, 1613. 
1900. 

Dezerine, Charles. Catalogus stirpium, &c.; or, A catalogue of plants 
naturally growing and commonly cultivated in divers parts of England 
more especially about Nottingham. 1738. 

Cuamsers, William. A dissertation on Oriental gardening. [With] an 
explanatory discourse by Tan Chet-qua. 2ded. 1773. 

Mararti, G. F. Plantarum Romulee et Saturnie in agro romano exis- 
tentium specificas notas describit inventor. 1772. 

Renavtt, P. A. Flore du departement de |’Orne, ouvrage élémentaire 
de botanique, composé de la réunion des systémes de Tournefort, de 
Linné et de Jussieu. [1804]. 

Héss, Franz. Monographie der schwarzféhre, Pinus austriaca, in bo- 
tanischer und forstlicher beziehung. 1831. 

Zawavzki, Alexander. Flora der stadt Lemberg. 1836. 

Maty, J. K. Enumeratio plantarum phanerogamicarum imperii austria- 
ci universi. 2teile. 1848. 

M’Lzop, John. Voyage of His Majesty’s ship Alceste to China, Corea, 
and the island of Lewchew with an account of her shipwreck. 3d ed. 
1820. 

Gmueuin, K. C. Hortus magni ducis Badensis Carlsruhanus. 1811. 

Roscoz, William. An address delivered before the Botanic gardens in 
Liverpool. 1802. 

Mort, F. T. Flora odorata. 1848. 

Makino, Tomitar6. A manual of the flora of Nippon. 1927. 

Srapr, Otto. Index londinensis. Vol. 2, 3. 1930. 
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Witson, E. H. Aristocrats of the trees. 1930. 

The original drawings by Mr. C. E. Faxon for the revised edition of 
Professor Sargent’s Manual of the Trees of North America have been 
arranged and suitably bound. 

Through the courtesy of its author, Alfred Carl Horrss, the Library 
has received “‘The Gardener’s Pronouncing Dictionary,” compiled for 
Better Homes & Gardens, 1930. 

The names used are principally those in “Standardized Plant Names.” 
The ‘“‘Manual of Cultivated Trees and Shrubs,” by Alfred Rehder, and 
the “Manual of Cultivated Plants,” by L. H. Bailey have been frequently 
consulted, as has T. S. Lindsay’s “Plant Names,” and English books 
which may not be available to American readers. 

The botanical names are followed by a clear indication of pronuncia- 
tion, the common name and a short description of the plant. The list 
also includes references under the common names and explanations of 
descriptive terms. Two plates show types of leaves, of flowers, and of 
fruits. 

A book of 88 pages, in paper cover, this little Dictionary meets a long 
felt need and is bound to prove useful in the questions so perplexing to 
the student and to the amateur flower lover, the pronunciation of plant 
names. 

From the American Society or Mrcuanicat ENGINEERS, has come 
their publication “‘A Bibliography on Woods of the World, exclusive of 
the Temperate region of North America, and with emphasis on tropical 
woods,” 1928. 

It is printed in clear type and consists of 77 pages double column. 
The entries are numbered from 1 to 1530 and are arranged under the 
headings General, Tropical America, Europe, Asia and Oceania, Africa. 
A full subject index ends the volume. 

The work was undertaken on the Se EI AS of the Wood Indus- 
tries Division of the American Society of Mechanical Engineers in co- 
operation with the Tropical Plant Research Foundation, Washington, 
D. C. to investigate the possibilities of applying tropical woods to the 
wood industries in this country, Professor Samuel J. Record’s “Bibli- 
ography of the Woods of the World with Emphasis on Tropical Woods” 
forming the starting point. ‘“‘The references cover tropical forestry, 
lumbering, marketing, wood uses, and characteristics, as well as botanical 
information of an extensive nature on the woods of the world.” 

Due to our rapidly disappearing forests, the study of the world’s forest 
trees becomes a crying necessity, and a bibliography so complete is a 
valuable aid in its pursuit. 

Mr. F. M. Satvoza of the School of Forestry, University of the Philip- 
pines, has presented to the Library his “Monograph of the Genus 
Rhizophora, an investigation carried out at the Arnold Arboretum, and 
submitted as a thesis in partial fulfilment of the requirements for the 
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degree of Doctor of Science in the Bussey Institution of Harvard Uni- 
versity.” It comprises 123 type-written sheets and 13 photographic 
plates and maps. 

New serials include:— 

Fan memorial institute of biology. Bulletin. Peiping, China. 1929. 

Forestry. Published by the Japanese forestry association, Tokyo. 
No. 558. 1929. 

Forst1LicHe zeitschrift fiir das grossherzogthum Baden. Bd. i; ii, 
heft 1,2. 1838-42. 

BrEItTRAGE zur kenntnis des forstwesens in Deutschland. Heft i-iv. 
1819-21. 

Mataya—Rubber research institute. 

Quarterly journal. 1— Kuala Lumpur. 1929 > 
Bulletin. 1— Kuala Lumpur. 1929 — 

Miyazaki. College of agriculture and forestry. Bulletin. 1. Miya- 
zaki. 1929, 

Nr«ira, Russia. Botanical garden. 

Bulletin. 1. Yalta. 1929. 
Zapiski. 8. Mockba. 1925. 

SInEns14; contributions from the Metropolitan museum of natural 
history, National research institute, Nanking. Nanking. Aug. 
192950012 

Mexico—Universidad nacional autonoma—Instituto de_ biologia. 
Anales. 1. Mexico. 1930. 

Sustropiki. Published by AbhAsian scientific society, Agricultural 
section. No.1. Suchum, V. R. R.S. 1929. 

Among the photographs presented to the Library are over 400 of 
plants of Arizona taken by Mrs. Susan D. McKelvey in 1929 and 75 by 
Miss Violet F. Edlmann; 120 views of trees and forests taken in Japan 
and northern China by Professor J. G. Jack in 1905; 143 photographs, 
chiefly of flowering and fruiting branches of plants in the Arboretum, 
taken by Mr. H. A. Gleason, 1927-1929; and 35 of flowers and fruits in 
the Arboretum by Mr. J. H. Lovell. Mr. E. J. Palmer has added 150 
to his photographs of western vegetation and Mr. E. H. Wilson 46 of the 
Arboretum. The Rochester Park Department has added 95 photographs 
to its already generous gifts. 

The most unique gift of recent years is that of Mr. Frederic A. Delano, 
consisting of 611 paintings of Chinese fruits, flowers and vegetables by 
native artists.! 

In view of the fact that the British Museum Catalogue, Pritzel, Kew 
Catalogue, and all other sources consulted quote “The Botany of the 
Voyage of H. M. S. Sulphur, under the command of Captain Sir Edward 
Belcher, 1886-42, by George Bentham,” as 1844, the date on the title- 
page, it is interesting to note that the copy in the Library of the Arnold 


1See the April issue, pp. 131-182, of this Journal. 
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Arboretum is in its original buff paper covers, in which the work was 
issued in 6 parts, and from which it is evident that the later parts appeared 
in later years :— 

No. 1 comprises pages 1- 16, and plates 1-10. 1844. 

No. 2 comprises pages 17-— 48, and plates 11-20. 1844. 

No. 8 comprises pages 49-— 72, and plates 21-30. 1844. 

No. 4 comprises pages 73— 96, and plates 31-40. 1844. 

No. 5 comprises pages 97-144, and plates 41-50. 1845. 

No. 6 comprises pages 145-195, and plates-51-60. 1846. 

(index pp. 183-195) 

A notice on the cover of part 1 reads:—‘‘On the Ist of January, 1844, 
will be published Part 1. of ‘The Botany of the Voyage of H. M. S. 
Sulphur.’ By George Bentham. As little benefit can accrue to science 
by the publication of mere catalogues of all the species collected, the 
descriptive matter will be confined to those hitherto unknown, or to the 
elucidation of such obscure points, as the specimens assist in clearing up; 
whilst in selecting the species for illustration, those will be preferred 
which are more particularly distinguished for the peculiarity of their 
organization, or with which a fuller acquaintance is desirable in the 
present state of botanical knowledge. The parts will appear quarterly.” 
—E. D. M. T. 


Staff of the Arnold Arboretum, 1930-31 


Oaxes Ams, A.M., Professor of Botany, Supervisor. 

Joun GrorcGE Jack, Assistant Professor of Dendrology. 

ALFRED REnHpDER, A.M., Curator of the Herbarium. 

JosrerH Horack Favutu1, Ph.D., Professor of Forest Pathology. 

Kartu Sax, Se.D., Associate Professor of Cytology. 

Eraetyn Marta Tucker, Librarian. 

ERNEstT JESSE PALMER, Collector & Assistant in the Herbarium. 

CLARENCE EMMEREN Kosusk1, Ph.D., Assistant Curator of the Her- 
barium. 

Eva M. Fuine Rous, Ph.D., Assistant in the Herbarium. 

EvizaBetH Dran BENNETT, A.B., Assistant Librarian. 

Karueringé ELEANOR KE..ey, Assistant in the Library. 

Ere, ANTOINETTE ANDERSON, Business Secretary. 

Louis Victor Scumitt, Superintendent. 

Wru1am Henry Jupp, Propagator. 
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Acacia campechiana, 29 
— Farnesiana, 29 

— Hindsii, 29 

— Milleriana, 29 

— salvadorensis, 29 
Acaciella salvadorensis, 29 
Acalypha leptopoda, 32 
—macrostachya, 32 

— porphyrantha, 32 

— virginica, 105 

Acer Chingii, 224 
—rubrum, 105 
—saccharum, 105 
Achillea Millefolium, 117 
— Ptarmica, 117 

Acorus Calamus, 93 
Acrocomia*mexicana, 23 
Acrostichum aureum, 120 
Actinodaphne citrata, 157 
Additions to the Library, 181 
Adiantum pedatum, 85 
Aegiphila cephalophora, 127 
Aethusa Cynapium, 108 
Agalinis paupercula, 118 
— tenuifolia, 118 
Ageratum Standleyi, 44 
Agropyron repens, 90 
—tenerum, 90 

Agrostis alba, 89 

— hyemalis, 89 
—perennans, 89 

Ajuga reptans, 111 
Alchemilla Linderi, 51 
Alisma Plantago-aquatica, 87 
Allium carinatum, 93 


Alopecurus pratensis, 89 
Althaea rosea, 106 
Amaioua corymbosa, 129 
Amaranthus graecizans, 98 
—retroflexus, 98 
Ambrosia artemisiifolia, 117 
Amelanchier laevis, 102 
— oblongifolia, 102 
Amphicarpa monoica, 104 
— Pitcheri, 104 

Anaphalis margaritacea, 116 


Andromeda mexicana, 38 

Andropogon scoparius frequens, 87 

Anemopaegma punctulatum, 128 

Aniseia martinicensis, 127 

Anisomeris protracta, 42 

Anneslia centralis, 80 

—lucens, 30 

Annona Cherimola, 27 

Antennaria fallax, 116 

—neodioica, 116 

Anthemis arvensis, 118 

— Cotula, 118 

Anthoxanthum odoratum, 89 

Aphelandra Deppeana, 41 

Apocynum androsaemifolium, 110 

Aquilegia canadensis, 100 

Arabis laevigata, 101 

Aralia nudicaulis, 108 

—racemosa, 108 

Arbutus xalapensis, 38 

Archibaccharis Standleyi, 45 

Arctium minus, 117 

Arctostaphylos uva-ursi, 109 

Ardisia compressa, 39 

Arenaria lateriflora, 99 

Arisaema triphyllum, 93 

Aristolochia Clematitis, 97 

Arnold Arboretum during the Fiscal year 
year ended June 30, 1930, 233 

Arnold Arboretum, New species, varieties 
and combinations from the herbarium and 
collections of the, 153 

Arnold Arboretum, The spontaneous flora of 
the, 63, pl. 21 

Arnold Arboretum 1930-31, the Staff of the, 

Arrabidaea panamensis, 128 

Arrhenatherum elatius, 89 

Aronia melanocarpa X Sorbus aucuparia, 
102 

Artemisia vulgaris, 118 

Arundinaria Fangiana, 192 

Arundinaria from China, A new, 192 

Asclepias incarnata pulchra, 110 

— phytolaccoides, 110 

— purpurascens, 110 

— quadrifolia, 110 
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Aspidium Bootii, 86 

— marginale, 86 

— noveboracensis, 86 

— Thelypteris, 86 

Asplenium auritum, 120 

—falcinellum, 120 

— Filiz-femina, 85, 86 

—pteropus, 120 

Aster cordifolius, 115 

— divaricatus, 115 

— dumosus cordifolius, 116 

— dumosus X vimineus, 116 

—laevis, 115 

— lateriflorus, 116 

— lateriflorus pendulus, 116 

—lateriflorus X undulatus, 116 

— linearifolius, 116 

— macrophyllus, 115 

— novae-angliae, 115 

— novi-belgii, 116 

— paniculatis, 116 

— patens, 115 

—puniceus, 116 

—umbellatus, 116 

— undulatus, 115 

— vimineus, 116 

Athyrium angustum, 85 

——elatius, 86 

——rubellum, 86 

Aureolaria flava, 118 

— pedicularia, 112 

Avena sativa, 89 

Baccharis serraefolia, 45 

—splendens, 45 

— trinervis rhexioides, 45 

Bambusa vulgaris, 23 

Baptisia tinctoria, 108 

Barbarea stricta, 101 

— vulgaris, 101 

— — longisiliquosa, 101 

Barro Colorado Island, Panama, A second 
supplement to the flora of, 119 

Bassia hyssopifolia, 98 

Benthamantha ochroleuca, 30 

Benzoin grandifolium, 158 

— touyunense, 158 

— touyunense, 158 

—— megaphyllum, 158 

——trichocladum,, 159 

Berberis vulgaris, 100 

Betula lenta, 96 

— populifolia, 96 

Bidens cernua, 117 

—connata, 117 
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Bidens frondosa, 117 

— vulgata, 117 

Blechnum serrulatum. 120 

Bocconia cordata 100 

Boehmeria cylindrica. 97 

Borreria fruticosa, 42 

“Botaniste de Pensylvanie,”’ 59 

Bouvardia leiantha, 42 

Brassica arvensis 101 

— Napus, 101 

Brickellia oliganthes, 45 

— pacayensis, 45 

— paniculata, 45 

Bromus secalinus, 90 

— sterilis, 90 

—tectorum, 90 

Buchneia stachytarphetoides, 52 

Buddleia americana, 39 

Bunchosia nitida, 123 

Byhouwer, J. T. P., “An enumeration of the 
Roses of Yunnan,” A supplement to, 228 

Byrsonima crassifolia, $1 

Calamagrostis canadensis, 89 

Calea integrifolia, 46 

— Tejadae, 46 

— urticifolia, 46 

Calla in America, the Phytophthora disease 
of the, 169 

Calliandra centralis, 30 

—lucens, 30 

Callitriche hetrophylla, 105 

Calluna vulgaris, 109, 

Calophyllum mammosum, 39 

Calyptranthes hondurensis, 36 

Campanula persicifolia, 114 

— rapunculoides, 114 

Camus, Armes, A new Arundinaria from 
China, 192 

Cannabis sativa, 97 

Caprifoliaceae, Chromosomes and phylogeny 
in, 147, pl. 24 

Capsella Bursa-pastoris, 100 

Carex anceps, 92 

— annectens, 92 

— Bicknellii, 91 

— blanda, 92 

—cephalophora, 92 

— conoidea, 92 

—crinita, 92 

—debilis Rudgei, 92 

—echinata, 92 

—hirta, 92 

— lanuginosa, 92 


— lurida, 93 
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Carex mirabilis, 92 

— Mubhlenbergii, 92 

— muricata, 92 
—pallescens, 92 
—panicea, 92 
—pennsylvanica, 92 
—rosea, 92 
——radiata, 92 

— scoparia, 91 
—w—condensa, 91 

— stipata, 92 

— stricta, 92 

— tribuloides, 9% 

— virescens Swanii, 92 
— vulpinoidea, 92 
Carpinus mollis, 154 
Carya alba, 95 

— glabra, 96 

— ovata, 95 

Casearia javitensis, 125 
— sylvestris, 35 
Casimiroa tetrameria, $1 
Cassia grandis, 30 

— marilandica, 103 
Cassipourea podantha, 125 
Castanea Bungeana, 154 
— dentata, 96 

— formosana, 155 

— mollissima, 154 

— pumila, 154 

— sativa formosana, 155 
—vesca, 154 

Castilla elastica, 26 
Ceanothus americanus, 105 
Celastrus scandens, 105 
Celosia argentea, 98 
Centaurea Cyanus, 118 
—nigra, 118 
Cephalanthus occidentalis, 113 
— salicifolius, 41 
Cerastium arvense, 99 
—vulgatum, 99 
Cestrum lanatum, 41 
Chamaedorea sp., 23 
Chamaerops excelsa, 153 
Chaetoptelea mexicana, 26 
Chelidonium majus, 100 
Chelone glabra, 112 
Chenopodium album, 98 
— — integrifolium, 98 
— viridescens, 98 
—ambrosioides, 98 
—murale, 98 
—urbicum, 98 
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Curster, Kennetu §., Graft-blight of 
Lilac, 232 

— — The Phytophthora disease of the Calla 
in America, 169 

Chimaphila umbellata cisatlantica, 108 

Chinese plants, Illiustrations of, 61 

Chromosomes and Phylogeny in Caprifoli- 
aceae, 147, pl. 24 

Chromosome number and behavior in the 
genus Syringa, 7, pl. 21 

Chromosome number in the genus Forsythia, 
14 

Chromosome numbers in Quercus, 220 

Chromosome structure and the mechanism 
of crossing over, 193, pl. 25, 26 

Chrysanthemum Leucanthemum, 118 

—— pinnatifidum, 118 

Chrysophyllum mexicanum, 39 

Cichorium Intybus, 118 

Cicuta bulbifera, 108 

— maculata, 108 

Cinna arundinacea, 89 

Circaea latifolia, 108 

— luletiana, 108 

Cirsium arvense, 118 

—lanceolatum, 118 

Citrus sinensis, $1 

Clematis, grossa, 27 

Cleome Houstoni, 122 

Clethra hondurensis, 38 

Clidemia hirta, 38 

Clusia odorata, 125 © 

— Salvinii, 35 

Coccoloba changuinolana, 121 

Cocos nucifera, 23 

Codiaeum variegatum pictum, 33 

Coffea arabica, 42 

Comandra umbellata, 97 

Combretum coccineum, 125 

Commelina communis, 93 

Comptonia asplenifolia, 95 

Connarus Turczaninowii, 122 

Conostegia xalapensis, 38 

Convallaria majalis, 94 

Convolvulus arvensis, 110 

— sepium, 110 

Corallorrhiza maculata, 95 

Coreopsis grandiflora subintegra, 117 

— major, 117 

Cornus amomum, 108 


28: 


Corylus americana, 96 

Cotinus coggygria, 105 

Cotoneaster disticha tongolensis 161 

— rotundifolia tongolensis, 161 

Crataegus Arnoldiana, 102 

Crossandra massaica, 54 

Crossing over, Chromosome structure and 
the mechanism of, 198, pl. 25, 26 

Croton ciliato-glandulosus, 31 

— flavens, 32 

—repens, 32 

Cuphea Hookeriana, 35 

—utriculosa, 35 

Cupressus Benthamii, 23 

Cuscuta Coryli, 110 

— Gronovii, 110 

Cydonia oblonga, 28 

Cynanchum nigrum, 110 

Cyperus filiculmis, 91 

—— macilentus, 91 

— strigosus, 91 

—— compositus, 91 

Cytological Laboratory, The Arnold Arbore- 
tum during the Fiscal year ended June 30, 
1930, 237 

Dactylis glomerata, 89 

Dalea alopecuroides, 104 

Danthonia compressa, 89 

—spicata, 89 

Daphnidium cubeba, 157 

Darlingia ferruginea, 231 

— spectatissima, 231 

—— ferruginea, 231 

Daucus Carota, 108 

Decodon verticillatus laevigatus, 107 

Dennstaedtia punctiloba, 86 

Desmodium canadense, 104 

—marilandicum, 104 

—nudiflorum, 104 

— plicatum, 30 

—rigidum, 104 

—rotundifolium, 104 

Dianthus Armeria, 99 

Digitaria humifusa, 87 

— Ischaemum, 87 

— sanguinalis, 87 

Diphysa robinioides, 30 

Doliocarpus brevipedicellatus, 124 

Dryopteris nicaraguensis, 120 

East Africa, new species and a new genus 
from, 50 

Echinochloa crus-galli, 88 

— muricata microstachya, 88 

Echinocystis lobata, 114 


JOURNAL OF THE ARNOLD ARBORETUM 


[vou. xz 


Echites microcalyx, 39, 127 
—trifida, 127 

Eleocharis acicularis, 91 
—calva, 91 

—capitata, 91 

— obtusa, 91 

— palustris major, 91 

— — glaucescens, 91 

— tenuis, 91 

Elephantopus mollis, 129 
Entada polystachia, 122 
Epilobium angustifolium, 107 
—coloratum, 107 
Equisetum arvense, 86 
—sylvaticum, 86 
—limosum, 86 

Eragrostis capillaris, 89 
—caroliniana, 89 

— pilosa, 89 

Erechtites hieracifolia, 118 
—— intermedia, 118 

Erica Linderi, 51 

Erigeron annuus, 116 

— canadensis, 116 
—ramosus, 116 

Eriobotrya japonica, 28 
Ernest Henry Witson, 181, portrait 
Erysimum cheiranthoides, 101 
Erythrina rubrinervia, 30 
Erythroxylon Bequaertii, 47 
Eucalyptus sp., 36 

Eugenia axillaris, 37 

— Banghamii, 125 

— Doubledayi, 36° 

— guatemalensis, 87 

— Jambos, 37 

— melanosticta, 126 
Eupatorium aromaticum, 115 
—collinum, 44 

— daleoides, 44 

— hondurense, 44 
—laevigatum, 45 
—micranthum, 45 

— Oerstedianum, 45 
—perfoliatum, 115 

— purpureum, 114 

— sessilifolium, 114 

— urticaefolium, 115 
—verticillatum, 114 
Euphorbia Cyparissias, 105 
— maculata, 105 
—pulcherrima, 33 

Eurya Fangii, 165 
Evonymus centidens, 164 


1980] 


Fagopyrum esculentum, 98 

Fagus grandifolia, 96 

Fauut, J. H., Notes on forest diseases in 
Nova Scotia, 55 

— — The spread and the control of Phacidi- 
um Blight in spruce plantations, 136 

Festuca elatior, 90 

— ovina capillata, 90 

—rubra, 90 

Ficus Carica, 26 

— inamoena, 26 

— involuta, 26 

— Oerstediana, 121 

— padifolia, 26, 121 

—radula, 26 

— velutina, 26 

Filipendula Ulmaria, 102 

Forest diseases in Nova Scotia, notes on, 
55 

Forsythia, Chromosome number in the genus, 
14 

Fragaria vesca americana, 102 

— virginiana illinoensis, 102 

Fraxinus americana, 109 

Galeopsis Tetrahit bifida, 111 

Galinsoga parviflora hispida, 117 

Galium circaezans, 118 

— Claytoni, 113 

—tinctorium, 113 

Gardenia jasminoides, 42 

Gaudichaudia Schiedeana, 31 

Gaultheria procumbens, 109 

Gaylussacia baccata, 109 

Genipa americana, 129 

Genista tinctoria, 103 

Gentiana crinita, 110 

Geranium maculatum, 105 

Gerardia flava, 118 

— paupercula, 118 

— pedicularia, 112 

— tenuifolia, 113 

Gilibertia angustiloba, 226 

Geum canadense, 102. 

Ginnania lanata, 89 

Glyceria acutiflora, 90 

— canadensis, 90 


— stricta, 90 

Gnaphalium obtusifolium, 116 
—uliginosum, 116 
Graft-blight of Lilac, 282 


INDEX 


249 


Grevillea robusta, 26 

Grislea secunda, 35 

Guettarda macrosperma, 42 

Gurania coccinea, 129 

Habenaria lacera, 95 

— psychodes, 95 

Hamamelis virginiana, 101 

Hamelia axillaris, 129 

Hampea panamensis, 124 

Hedeoma pulegioides, 111 

Helianthemum Bicknellii, 107 

— canadense, 106 

Helianthus annuus, 117 

— decapetalus, 117 

— divaricatus, 117 

— tuberosus, 117 

Hemerocallis fulva, 94 

Hepatica americana, 100 

—triloba, 100 

Heptapleurum Bodinieri, 166 

Herbarium, The Arnold Arboretum during 
the Fiscal year ended June 30, 1930, 238 

Herbarium, notes from the, 133 

Heterotrichum octonum, 38 

Hibiscus Moscheutos, 106 

— mutabilis, 34 

— Rosa-Sinensis, 34 

— schizopetalus, 34 

Hieracium aurantiacum, 119 

— paniculatum, 119 

— Pilosella, 119 

— pratense, 119 

—scabrum, 119 

—venosum, 119 

Hirtella triandra, 122 

Holcus lanatus, 89 

Hordeum jubatum, 90 

Hottonia inflata, 109 

Houstonia longifolia, 113 

Hu, H. H. Notulae systematicae ad floram 
sinensem, 48, 224 

Humulus japonica, 97 

Hydrangea aspera sinica fl. sterilibus, 160 

—strigosa sterilis, 160 

— villosa sterilis, 161 

Hydrocotyle americana, 108 

Hypoxis hirsuta, 94 

Hyptis asperifolia, 40 

Hypericum Ascyron, 106 

—boreale, 106 

— canadense, 106 

— denticulatum, 35 

— gentianoides, 106 

— majys, 106 


250 


Hypericum mutilum, 106 

—perforatum, 106 

Iberis umbellata, 100 

Ilex latifolia Fangii, 163 

— panamensis, 33 

Illustrations of Chinese Plants, 61 

Tlysanthes dubia, 112 

Impatiens biflora, 105 

Index londinensis to illustrations of flowering 
plants, ferns and fern allies, 60 

Inga cocleensis, 122 

—confusa, 122 

— edulis, 29 

— gracilipes, 122 

—laurina, 122 

— pauciflora, 122 

Tresine Calea, 27 

Iris pseudacorus, 94 

— versicolor, 94 

Jatropha aconitifolia, 33 

Juniperus chinensis, Thuja orientalis and, 
135, pl. 23 

Juniperus virginiana, 87 

Juglandaceae in the U. S. S. R., Review of, 
1, pl. 19, 20 

Juglans cinerea, 95 

Juncus acuminatus, 93 

— bufonis, 93 

— canadensis, 93 

— effusus solutus, 93 

— marginatus, 93 

— tenuis, 93 

Justicia kiwuensis, 53 

Kalmia angustifolia, 109 

Kasewsxr, S. Frank, A plant collector’s 
notes on the New Hebrides and Santa 
Cruz Islands, 172 

Kohleria Deppeana, 41 

Kosussr, C. E., A supplement to J. T. P. 
Byhouwer “An enumeration of the Ross 
of Yunnan,” 228 

Krameria cuspidata, 28 

Lactuca canadensis, 119 

—scariola integrata, 118 

— spicata, 119 

Lamium amplexicaule, 111 

Lantana involucrata, 39 

Lapsana communis, 118 

Laurus cubeba, 157 

Lechea villosa, 107 

Leersia oryzoides, 88 

— virginica, 88 

Leontodon autumnalis, 118 

Leonurus Cardiaca, 111 


JOURNAL OF THE ARNOLD ARBORETUM 


[vou. x1 


Lepidium apetalum, 100 

— campestre, 100 

— virginicum, 100 

Lespedeza intermedia, 104 

—striata, 104 

Library, Additions to the, 181 

Library, The Arnold Arboretum during the 
Fiscal year ended June 30, 1980, 240 

Licania platypus, 28 

Ligustrum vulgare, 109 

Lilac, Graft-blight of, 232 

Lilium canadense, 94 

— philadelphicum, 94 

—superbum, 94 

Linaria canadensis, 112 

— vulgaris, 112 

Lindera Dielsii, 157 

— megaphylla, 158 

Lippia Kellermannii, 39 

— myriocephala, 39 

Lithocarpus brunnea, 156 

Litsaea Dielsvi, 158 

Litsea citrata, 157 

——citrata, 158 

—— polyantha, 158 

— cubeba, 157 

— Hui, 158 

— mollis glabrata, 157 

— piperita, 157 

— touyounensis, 158 

Liquidambar Styraciflua, 27 

Lobelia cardinalis, 114 

— inflata, 114 

— siphilitica, 114 

Lobularia maritima, 100 

Lolium multiflorum, 90 

— perenne, 90 

Lonchocarpus atropurpureus, 31 

Lonicera japonica, 114 

— saccata calva, 168 

— tartarica, 114 

Lucuma glabrifolia, 127 

Ludvigia palustris, 107 

Luzula campestris multiflora, 93 

Lychnis alba, 99 

Lycopodium complanatum flabelliforme, 87 

—obscurum dendroideum, 87 

Lycopus americanus, 111 

— uniflorus, 111 

Lysimachia Nummularia, 109 

— quadrifolia, 109 

— terrestris, 109 


1930] 


Maianthemum canadense, 94 

Malva moschata, 106 

—rotundifolia, 106 

Mangifera indica, 33 

Markea panamensis, 127 

Marsilea quadrifolia, 86 

Mauria sessiliflora, 33 

Mechanism of crossing over, Chromosome 
structure and the, 198, pl. 25, 26 

Medicago lupulina, 104 

Melampyrum lineare, 113 

Melilotus alba, 104 

— officinalis, 104 

Mentha arvensis, 111 

—w— canadensis, 111 

Miconia albicans, 38 

— globulifera, 38 

— guatemalensis, 38 

— mexicana, 38 

—minutiflora, 126 

Microtropis fokienensis, 165 

Mikania guaco, 129 

— scandens, 115 

Mitppraep, J., New species and a new genus 
from East Africa, 50 

Mimosa albida, 29 

—campechiana, 29 

—hondurana, 29 

—pigra, 29 

Mitchella repens, 118 

Mollugo verticillata, 99 

Monotropa Hypopitys, 109 

— uniflora, 109 

Moorg, S., Rhadinopus, a presumed new 
genus of Rubiaceae from New Guinea, 129, 
fig. 

Morus multicaulis, 26 

Mosquitoxylum jamaicense, 124 

Mubhlenbergia mexicana, 89 

— Schreberi, 89 

Murraya paniculata, 31 

Myosotis scorpioides, 110 

Myrcia gatunensis, 125 

Myrica carolinensis, 95 

— mexicana, 24 

Myrosma guapilensis, 121 

Napaea dioica, 106 

Nexrassowa, Vera, Review of the Juglan- 
daceae in the U.S.S. R., 1, pl. 19, 20 

Nemastylis Bequaertii, 47 

Nepeta hederacea, 111 

New Arundinaria from China, A, 192 

New Guinea, Rhadinopus, a presumed new 
genus of Rubiageae from, 129, fig. 


INDEX 


251 


New Hebrides and Santa Cruz Islands, A 
plant collector’s notes on the, 172 

New species and a new genus from East 
Africa, 50 

New species, varieties and combinations 
from the herbarium and the collections of 
the Arnold Arboretum, 153 

Nicotiana alata grandiflora, 112 

Nocca helianthifolia suaveolens, 46 

Note on Darlingia spectatissima F. v. Muell. 
with description of a new variety, 231 

Notes on forest diseases in Nova Scotia, 55 

Notes from the Herbarium, 183 

Notulae systematicae ad floram sinensem, 
48, 224 

Nova Scotia, Notes on forest diseases, 55 

Nymphaea odorata, 99 

Oakesia sessilifolia, 93 

Oenothera biennis, 107 

— fruticosa hirsuta, 107 

—perennis, 107 

Odontocarya truncata, 121 

O’Mara, JosepH, Chromosome number in 
the genus Forsythia, 14 

Omphalea diandra, 123 

Onoclea sensibilis, 86 

— Struthiopteris, 86 

Oreopanax Salvinii, 38 

Ornithogalum umbellatum, 94 

Orobanche uniflora, 118 

Oryctanthus apicatus, 121 

Osmunda cinnamomea, 86 

— Claytoniana, 86 

— regalis spectabilis, 86 

Ostrya Liana, 49 

— virginiana, 96 

—— guatemalensis, 25 

Oxalis cymosa, 104 

—europaea, 104 

——cymosa, 104 

— stricta, 104 

Paumer, Ernest J., The spontaneous flora 
of the Arnold Arboretum, 63, pl. 21 

Panicum barbulatum, 88 

— boreale, 88 

—capillare, 88 

—depauperatum, 88 

— dichotomum, 88 

—glaucum, 88 

—implicatum, 88 

— Lindheimeri fasciculatum, 88 

——implicatum, 88 

—linearifolium Werneri, 88 

~~ miliaceum, 88 


252 


Panicum sphaerocarpon, 88 

— tennesseense, 88 

— Werneri, 88 

Parastriga, 52 

—alectroides, 52 

Parkinsonia aculeata, 30 

Parosela psoraleoides, 30 

— vulneraria, 30 

Parthenocissus quinquefolia hirsuta, 106 

Paspalum pubescens, 88 

Passiflora ambigua, 125 

Pastinaca sativa, 108 

Pathological Laboratory, the Arnold Arbore- 
tum during the Fiscal year ended June 30, 
1930, 235 

Paullinia costaricensis, 34 

— fimbriata, 124 

Pedicularis canadensis, 113 

Peltandra virginica, 93 

Penthorum sedoides, 101 

Pentstemon laevigatus, 112 

Perilla frutescens, 111 

Persea americana, 27 

— cubeba, 157 

Perymenium Purpusii, 46 

— strigillosum, 46 

Petastoma breviflorum, 128 

Petunia violacea, 112 

Phacidium Blight in spruce plantations, The 
spread and control of, 136 

Phalaris arundinacea, 88 

Philadelphus paniculata, 159 

Philonotis tenella, 120 

Phleum pratense, 89 

Phoebe helicterifolia, 27 

— mexicana, 27 

Phoenix dactylifera, 24 

Phthirusa pyrifolia, 121 

Physalis heterophylla, 112 

——ambigua, 112 

— subglabrata, 112 

Phytolacca americana, 99 

— decandra, 99 

Phytophthora disease of the Calla in America, 
The, 169 

Pilea pumila, 97 

Pinus oocarpa, 23 

— pseudostrobus, 23 

—rigida, 87 

— Strobus, 87 

Piper achoteanum, 24 

—alveolatifolium, 24 

— indignum, 24 

—nonconformans, 24 


JOURNAL OF THE ARNOLD ARBORETUM 


[vou. xz 


Piper umbellatum, 24 

Piscidia grandifolia, 31 

Plant collector’s notes on the New Hebrides 
and Santa Cruz Islands, 172 

Plantago aristata, 113 

— lanceolata, 113 

— Rugelii, 113 ~ 

Pluchea odorata, 45 

Poa annua, 90 

— compressa, 90 

— palustris, 90 

— pratensis, 90 

— triflora, 90 

Polygonatum biflora, 94 

Polygonella articulata, 98 

Polygonum amphibium, 97 

— arifolium, 98 

— aviculare, 97 

—coccineum, 97 

— Convolvulus, 98 

— Hydropiper, 97 

— hydropiperoides, 98 

— Muhlenbergti, 97 

— orientale, 98 

— pennsylvanicum, 97 

— Persicaria, 97 

— punctatum, 98 

— sagittatum, 98 

— scandens, 98 

Polypodium virginianum, 85 

— vulgare, 85 

Pontederia cordata, 98 

Poponazx campechiana, 29 

Populus grandidentata, 95 

Portulaca oleracea, 99 

Potamogeton foliosus, 87 

Potentilla argentea, 102 

— canadensis, 102 

— monspeliensis, 102 

—— norvegica, 102 

— pumila, 102 

—recta, 102 

Prenanthes alba, 119 

Prestonia macrocarpa, 127 

Protium Salvozae, 122 

Prunella vulgaris, 111 

Prunus Persica, 28 

— phaeosticta dentigera, 162 

——lasioclada, 163 

— serotina, 103 

— virginiana, 108 

Psidium molle, 37 

— Oerstedianum, 37 

Psychotria fruticetorum, 42 


1980] 


Pteretis nodulosa, 86 
Pteridium aquilinum latiusculum, 85 
Punica Granatum, 36 
Pycnanthemum flexuosum, 111 
Pyrola elliptica, 108 

Pyrus communis, 28 
Quararibea pterocalyx, 124 
Quercus, Chromosome numbers in, 220 
Quercua alba, 96 

— bicolor, 96 

— borealis maxima, 96 

— coccinea, 96 

— comayaguana, 25 

— hondurensis, 25 

— ilicifolia, 96 

— rubra, 96 

— segoviensis, 25 

— siguatepequeana, 25 
—velutina, 96 

Rapanea ferruginea, 39 
Raphanus Raphanistrum, 101 
Ranunculus abortivus, 99 
—acris, 100 

—allegheniensis, 99 
—repens, 100 


Rewper, ALFRED, Ernest Henry Wilson, : 


181, portrait 

—— New species, varieties and combinations 
from the herbarium and the collections of 
the Arnold Arboretum, 153 

—— (Review) [Illustrations of Chinese 
plants, 61 

— — (Review) Index londinensis to illustra- 
tions of flowering plants, ferns, and fern 
allies, 60 

Review of the Juglandaceae in the U.S. S. R. 
1, pl. 19, 20 

Rhadinopus, a presumed new genus of Rubi- 
aceae from New Guinea, 129, fig. 

Rhadinopus, 129 

— papuanus, 129, fig. 

Rhamnus cathartica, 105 

— Frangula, 106 

Rhapis excelsa, 158 

—_ iformis, 153 

Rhus glabra, 105 

— terebinthifolia, 33 

— Toxicodendron, 105 

—typhina, 105 

Rhynchosia longeracemosa, $1 

Robinsonella divergens, 34 

Rondeletia amoena, 41 

— buddleioides, 41 

Roripa Armorica, 101 


INDEX 


258 


Roripa Nasturtium-aquaticum, 101 

— palustris, 101 

Rosa Banksiae lutea, 230 

— — luteiflora, 230 

——luteo-plena, 230 

— Brunonii, 229 

— carolina, 108 

— chinensis, 280 

— floribunda, 229 

— glomerata, 230 

— Helenae, 229 

— humilis, 103 

— longicuspis, 229 

— multibracteata, 280 

—multiflora cathayensis, 228 

—— carnea, 228 

— odorata gigantea, 230 

— omeiensis, 231 

— sertata, 230 

— Soulieana sungpanensis, 161 

—spp., 28 

— Stevensii, 162 

— virginiana, 103 

Roses of Yunnan, An enumeration of the, 
a supplement to J. T. P. Byhouwer, 228 

Rubus argutus, 103 

Rubus crataegifolius, 103 

— hispidus, 103 

— Idaeus, 102 

—miser, 28 

— nigricans, 103 

— occidentalis, 103 

—odoratus, 103 

—recurvans, 103 

—setosus, 103 

—trichomallus, 28 

Rudbeckia hirta, 117 

Rumex Acetosella, 97 

— crispus, 97 

— obtusifolia, 97 

Rynchospora capillata, 91 

Sageretia elegans, 34 — 

Sagittaria latifolia, 87 

—— gracilis, 87 

— — obtusa, 87 

Salix alba, 95 

— Bebbiania, 95 

—chilensis, 24 

— cordata, 95 

— discolor, 95 

— petiolaris, 95 

— tristis, 95 

Salvia siguatepequensis, 40 

Sambucus canadensis, 114 


254 


Sambucus canadensis laciniata, 114 

— mexicana, 43 

Santa Cruz Islands, A plant collector’s notes 
on the New Hebrides and, 172 

Sapranthus microcarpus, 27 

Sassafras officinale, 100 

Saurauia Zetekiana, 124 

Sax, Hatty Jotivertr, Chromosome num- 
bers in Quercus, 220 

Sax, Karz, Chromosome number and be- 
havior in the genus Syringa, 7, pl. 21 

— — Chromosome structure and the mechan- 
ism of crossing over, 1983, pl. 25, 26 

—w—and D. A. Kriss. Chromosomes and 
phylogeny in Caprifoliaceae, 147, pl. 24 

Saxifraga pennsylvanica, 101 

Schefflera Bodinieri, 166 

Schima bambusifolia, 224 

Schizophragma macrosepalum, 48 

Scirpus atrocinctus brachypodus, 91 

— atrovirens, 91 

—cyperinus, 91 

— polyphyllus, 91 

Scutellaria altissima, 111 

— epilobifolia, 111 

— lateriflora, 111 

Secale cereale, 91 

Second supplement to the flora of Barro Colo- 
rado Island, Panama, A, 119 

Sedum purpureum, 101 

Senecio arborescens, 46 

— cobanensis, 46 

— vulgaris, 117 

Sericocarpus asteroides, 116 

Serjania mexicana, 124 

— rhachiptera, 34 

Setaria italica, 88 

— lutescens, 88 

— verticillata, 88 

— viridis, 88 

Sicyos angulata, 114 

Siguatepeque, Honduras, The woody plants 
of, 15 

Silene latifolia, 99 

— noctiflora, 99 

Silphium integrifolium, 116 

—perfoliatum, 117 

Simarouba glauca, 31 

Sinojackia Rehderiana, 227 

Siparuna guianensis, 122 

— nicaraguensis, 27 

Sisymbrium altissimum, 101 

— officinale leiocarpum, 10] 

Sisyrinchium atlanticum,. 94 


JOURNAL OF THE ARNOLD ARBORETUM 


[vou. x1 


Sisyrinchium gramineum, 94 

Sium suave, 108 

Sloanea Chingiana, 49 

—microcephala, 124 

Smilacina racemosa, 94 

— stellata, 94 

Smilax herbacea, 94 

— rotundifolia, 94 

— tomentosa, 24 

Solanum diversifolium, 41 

— Dulcamara, 112 

— erythrotrichum, 41 

— Hayesii, 127 

— laurifolium, 41 

— nigrum, 112 

——villosum, 112 

Solidago arguta, 115 

— bicolor, 115 

— caesia, 115 

—— X canadensis, 115 

—— paniculata, 115 

— canadensis, 115 

— graminifolia, 115 

—juncea, 115 

—nemoralis, 115 

— puberula, 115 

—rugosa, 115 

Sonchus oleraceus, 118 

Sorbaronia fallax, 102 

Sorghastrum nutans, 87 

Spachea elegans, 123 

Sparganium eurycarpum, 87 

Specularia perfoliata, 114 

Sphenopholis obtusata, 89 

— pallens, 89 

Spergularia rubra, 99 

Spiraea cantoniensis lanceata, 28 

— latifolia, 101 

— tomentosa, 102 

Spiranthes Beckii, 95 

—cernua, 95 

— gracilis, 95 

Spontaneous flora of the Arnold Arboretum, 
63, pl. 21 

Spread and the control of Phacidium Blight 
in Spruce plantations, The, 136 

Spruce plantations, The spread and the con- 
trol of Phacidium Blight, 136 

Stachys palustris, 111 

Stachyurus yunnanensis obovata, 165 

Staff of the Arnold Arboretum, 1930-31, 244 

Stanpey, Pau C., A second supplement 
to the flora of Barro Colorado Island, 
-Panama, 119 ; 


1930] 


Sranpey, Paut C., Three new plants from 
Yucatan, 47 

—-— The woody plants of Siguatepeque, 
Honduras, 15 

Steironema lanceolatum, 109 

Stellaria graminea, 99 

— media, 99 

Stenandrium subcordatum, 48 

Stenophyllus capillaris, 91 

Stigmaphyllon ellipticum, 31 

—hypargyreum, 123 

Stipa avenacea, 89 

Styrax Huanus, 167 

Supplement to J. T. P. Byhouwer “An 
enumeration of the Roses of Yunnan,” 228 

Syringa, Chromosome number and behavior 
in the genus, 7, pl. 21 

Syrrhopodon incompletus, 120 

Tabernaemontana divaricata, 39 

Tanacetum vulgare, 118 

Taraxacum erythrospermum, 118 

— officinale, 118 

Ternstroemia tepezapote, 35 

Tetranthera citrata, 157 

—cubeba, 157 

— floribunda, 157 

— polyantha, 157 

——citrata, 157 

Thalictrum dioicum, 100 

—polygamum, 100 

Thelypteris Bootii, 86 

— marginalis, 86 

—noveboracensis, 86 

— palustris, 86 

Thevetia peruviana, 39 

Thlaspi arvense, 100 

Three new plants from Yucatan, 47 

Thuja orientalis and Juniperus chinensis, 
135, pl. 25 

Tilia americana, 106 

— glabra, 106 

Tithonia Pittieri, 46 

Trachycarpus excelsus, 158 

Trapa natans, 108 

Trichilia havanensis, 31 

—tuberculata, 123 

Trichostema dichotomum, 111 

Trifolium agrarium, 103 

— arvense, 103 

—hybridum, 103 

—incarnatum, 103 


Triodon angulatum, 42 


INDEX 


Triosteum aurantiacum, 118 

Triumfetta speciosa, 34 

Trixis Deamii, 46 

Tsuga canadensis, 87 

Tucker, E. M., Additions to the Library, 
181 

—— (Review) Young “Botaniste de Pen- 
sylvanie,” 59 

Ulmus americana, 96 

— glaucescens, 156 

—— lasiocarpa, 157 

Urtica dioica, 97 

Vaccinium conchophyllum, 167 

— pennsylvanicum, 109 

—vacillans, 109 

Vatica cordata, 225 

Verbascum Blattaria, 112 

— Thapsus, 112 

Verbena hastata, 111 

— urticaefolia, 110 

Verbesina sublobata, 46 

Vernonia canescens, 43 

— Deppeana, 43 

— melanocarpa, 43 

— noveboracensis, 114 

— tortuosa, 43 

Veronica longifolia, 112 

— officinalis, 112 

— scutellata, 112 

— serpyllifolia, 112 

Viburnum acerifolium, 114 

— dentatum, 114 

— Lentago, 114 

Vicia angustifolia, 104 

—— segetalis, 104 

— Cracca, 104 

— tetrasperma, 104 

Viola cucullata, 107 

— fimbriatula, 107 

—lanceolata, 107 

—— X pallens, 107 

— pallens, 107 c 

—papilionacea, 107 

Vismia guianensis, 35 

Vitis bicolor, 106 

— Lecontiana, 106 

— vinifera, 34 

Vochysia ferruginea, 123 

Waltheria americana, 34 

Warn, C. T., Note on Darlingia spectatissi- 
ma F. vy. Muell. with description of a new 
variety, 281 

Wuson, E. H., Thuja orientalis and Junip- 
erus chinensis, 135, pl. 23 


256 JOURNAL OF THE ARNOLD ARBORETUM [vou. x1 


Witson, Ernest Henry, 181, portrait Yucatan, Three new plants from, 47 
Woody plants of Siguatepeque, Honduras, | Yucca elephantipes, 24 
15 Zexmenia frutescens villosa, 46 
Xylosma Hemsleyana, 35 — melastomacea, 46 
Young, “Botaniste de Pensylvanie,” 59 Zizia aurea, 108 
ERRATA 


Page 101 line 1 for Raphanastrum read Raphanistrum 
108 line 17 from below for Pastanaca read Pastinaca 
* 187 line 5 for intervenes read intervene 
‘ 144 line 1 from below omit in the 
‘« 154 line 11, from below after (1906) add as synon. of C. hupehensis 
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